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The first published sheet of the Geological Survey 
in Scotland, that which contains the inetropolis of the 
kingdom, is illustrated in the present Memoir through the 
joint labours of MM. Howell and Geikie. 

The origin and prosecution of the Surveys of Edinburgh- 
shire and Haddingtonshire, as ably devised and carried 
out under the local direction of Professor Ramsay, is 
clearly explained in the Preface to this Memoir. 

It would be unbecoming on my part to select for special 
approbation any one portion of the Survey of the British 
Isles ; but I may truly say, that of the many maps we 
have published (and the rapid sale of them attests their 
value), there is, perhaps, no one which conveys a greater 
amount of useful knowledge than the sheet representing 
the country in and around Edinburgh, the authors of 
which arc entitled to great credit for the manner in which 
they have completed their task. 

Roderick I. Mdrchison, 

Director-General. 



In the year 1855 the Ordnance Survey had made so 
much progress in surveying part of the Eastern Counties 
of Scotland, that many of the Maps on a scale of six 
inches to a mile were engraved. On consultation with 
the late Director-General, Sir Henry De la Bcche, the 
time seemed to have arrived for extending the Geological 
Survey of Great Britain into Scotland. We also con 
sidered it desirable to commence the work in such a way 
that it would bring the survey as quickly as possible into 
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the great Coal-fields of Scotland, but the Ordnance Sur- 
vey of the Western Counties being then scarcely com- 
menced, we deemed it best to begin the Survey amongst 
the Old Red Sandstone and Carboniferous rocks of 
Berwickshire and Haddingtonshire, unusually perfect 
sections of these strata being exposed on the sea cliffs 
between North Berwick and the base of the Old Red 
Sandstone west of St. Abb's Head. In doing ao it was 
felt that a key might be obtained to the right understand- 
ing of these strata in inland areas, where the rocks are 
often much concealed by deep superficial accumulations of 
drift. Accordingly, I personally commenced the mapping 
of that district, extending my work southward to the 
Lammermuir Hills, and westward beyond Belhaven, and 
by degrees, as the Survey progressed, it was extended by 
Mr. Howell and Mr. Geikie into the rest of Haddington- 
shire, Edinburghshire, and Fifeshire. During the progress 
of the work I superintended and examined the whole, and 
occasionally assisted when doubtful questions arose, and 
I believe that the mapping of the outline of the different 
formations of the beds of coal, the limestones, igneous 
rocks, faults, &c., is as accurate as the data and the present 
state of geological science will permit. 

In the Edinburgh sheet the whole of the district east 
of the fault that bounds the Pentland Hills was surveyed 
by Mr. Howell, taking it in connexion with his work in 
Haddingtonshire ; and the Pentland HiUs and all to the 
west of them were mapped by Mr. Geikie- In the follow- 
ing Memoir each has described the area mapped by 
himself 

In surveying the united area of East and Mid Lothian 
it so happened that the sheet of map comprising most part 
of Edinburghshire was completed and published first. 
Since then. Sheet No. 33 (Haddingtonshire) has also been 
pubhshed, and the Memoir descriptive of the district is in 



NOTICE. m 

progress. Fife and Kinross and part of Berwickshire are 
also far advanced. 

It will be observed that this Memoir refers directly to 
the one-inch maps of the Geological Survey, but six-inch 
maps of those parts of the Carboniferous strata that con- 
tain beds of workable coal, and sections on the same scale, 
to be accompanied by printed descriptions, are very far 
advanced. 

Andrew C. Rams at. 
Local Director of the Geological Survey 

of Great Britain. 
Geological Survey OflSce, 
June 186L 
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CHAPTER I. 

PHYSIOAL FEiTTJHES OP THE DlSTEICT, AND GENERAL 

Descbiption of the Rocks. 

The area comprised in this Sheet includes the greater part of 
the counties of Edinburgh and Linlithgow, with portiona of Fife, 
Haddington, and Peebles, Its physical features present that 
union of level cultivated plainn, with undulating and hilly ground, 
varied by the frequent occurrence of abrupt solitary crags, which 
forms the characteiistic scenery of central Scotland. It is divided 
into two well-marked portions by the chain of the Penthmd 
Hills, which traverses its centre from south-west to north-east, 
and rises to a height of 1,898 feet above the sea. The eastern 
area consists of a broad plain, which, from the foot of the 
hills, stretches eastward into Haddingtonshire, and southward 
imtil it abuts against the slopes of the Moorfoots. With the ex- 
ception of the minor undulations incident to a di'ift-covered dis- 
trict, the continuity of this plain is unbroken, save by the long 
ridge of the Boman Camp Hill, which, beginning near the sea at 
Prestonpana, and running aoubh-weat paratlt'l to the Fentlands, 
divides the plain into two, the western portion being known ds 
the Mid Lothian coal'-field, while that to the east includes the coal 
basin of East Lothian. The margin of the Firth of Forth tmn- 
cates both coal-fields, the coal seams paesing under the sea, and 
re-appearing on the opposite shores of Fife. 

The great central ridge of the district may be regarded as 
commencing at the Braid Hills, whence it stretches south-west 
through the Pentland Hills, till it mei'ges into the uplands of 
Peebles and Lanark. The anticlinal axis which coincides 
with this central ridge runs through the town of Edinburgh, 
Arthur's Seat and the Calton Hill lying on ita eastern 
side. The district to the west of this chain of hills com- 
prises nearly two-thirds of the present sheet, and presents a 
physical contour considerably different from that described 
on the east side. With the exception of the broad plain wliich 
extends for seven miles to the west of Edinburgh, this western 
division contains few level spaces of any extent. Throughout the 
greater part tlie surface undulates in ridges, of which the general 
direction may be taken as east and west, but their continuity 
peldom remains persistent, more frequently they eoalesca or 
branch oat into a pew series, the detenmnuig, c».''u^ X^eoy^, \n. 
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QCOUMIT OF KDISBUKOE. 

pTomiiieiit crag en* ItiU of trap. Wbile, there- 
ton, aoat of the TsUeyB by which this axe^ a tnveiaed extend 
ia an esMtcriy mod wotcrlj directioii, the general coune of the 
•faemnw w from M»th'We8t to iwrth-east, t-e. ai an acute an^ 
aemoB these ralleya. This jEeatore is well «shilut«d hy the Water 
of Leith, which, tor upwards of three miles, between Malleuy aod 
CcdinUm, Bows in a nearly straight channel along the dedivity 
thai deaoends from the foot of the FentUnd Hills. It is only at 
ColJotoii, where the channel of the stream is formed on one side 
by a cliff 80 to 100 feet high, of hard sandstone, that it tnms 
aharply to the north-we.st, and at nearly right angles to the 
prevailing ridges, breaks into the plain below Slateford. 

The Firth of Forth separates the area described above firom 
the coanty of Fife, of which a small portion is embraced in thia 
Sheet. The physical features of that portion are those of a 
trappean district, thickly covered with drift and alluvial sand. 
At Liverkeithing and North Queen-sfeny the ground consists of 
abrupt greenstone hills, separated by flat plains, only slightly 
elevated above the sea level These plains, consisting chiefly of 
allavial sand, indicate a former level of the estuaty, when the 
hills around were detached islands, skirting an older coast line. 
A depreasioa of 50 feet wonld have the effect of indenting the 
Fife coast with numerous bays, and Mnging it with large islands. 
Especially would this he the caee at Inverkeithing and Burnt 
Islajid. 

The islands of the Forth consist chiefly of greenstone, and 
present the usual features of such greenstone hills as are bare 
and nnculiivated. They are lumpy irregular masses of dark 
gref rock, covered, however, with a rich green herbage that 
descends to the sea margin, and shows in many places rounded 
knoUs and crags protruding from the rock below. Incbkeith 
comprises a ^Teater variety of rock, and shows, in consequence, a 
greater diversity of scenery; its short narrow valleys of soft 
sandstones, shales, and limestones aSbrd a soil that yields a richer 
vegetation than the other islands can hoast, while the parallel 
ridges of greenstone exhibit the usual knobs of dark rock 
appearing flrom beneath a scanty covering of turf. 

Before describing the geology of this Sheet in detail, it will be 
well to give a brief outline of the general distribution of the 
rocks, the more especially as such an outline will illustrate how 
closely connected are the geology and the physical geography of 
a country. The Pentland Hills, forming the backbone of the 
region, consist fundamentally of highly inclined Upper Silurian 
shales and grits, covered unconformably by coarse conglomerates, 
grits, and sandstones, and great sheets of felstone and ash 
belonging to the Upper Old Red Sandstone group. These rocks, 
with very varying outlines, form an anticlinal axis over which 
the Carboniferous rocka are folded, though, owing to large 
pajallel faults, the regularity of this anticline has been materially 
disturbed. The country on the east side of the hilk, already 
described as a broad plain, conskts entirely o£' carboniferous 



strata, extending soutliward until they abut against the Lower 
Silurians of the Mooifoot and Peeblesshire hills. They form a 
aynclinal trough, the west side of which flanks the Pentland 
Hills, while the eastern sweUa up into the Roman Camp Hill. 
That hill is an anticlinal axis of Carboniferous Limestone, which, 
rising from the Mid Lothian basin, folds over this prominent ridge 
and sinks eastward below the coal basin of East Lothian, until it 
rises again on the western side of the Garlton Hills. The centre 
of the Mid Lothian baain consists of coal-bearing strata, the pro- 
bable equivalents of the lower part of the English Coal-measures. 
Between the centre and the outer edges is another set of coal- 
bearing strata, surmounted and underlaid by marine limestones, 
the whole forming the equivalent, partly terrestrial, partly marine, 
of the Carboniferous Limestone of England. Along the western 
side of this basin the strata recline at a very higli angle, some- 
times even vertical, and the lower series of coals there have hence 
been termed the " Edge coals," in contradistinction to the upper 
series or " Flat coak," which lie more or leas horizontally in the 
middle of the trough. The effect of this difference in the angle 
of inclination ia well shown on the map. Along the west side it 
will be seen that the limestone seams are narrow and lie close 
together, while along the southern and eastern side, where the 
angle of dip is low, they broaden out into wide bands. The dis- 
trict between the north end of the Braid Hilla and the sea con- 
aiats of Lower Carboniferous sandstones and shales, which pass 
down into the Old Red Samfetone of the Pentlanda. With these 
rocks are associated numerous masses of interbedded and intru- 
sive trap, as Arthur's Seat, Calton Hill, and Castle Rock. 

The country to the west of the Pentland Hills also consists 
entirely of Carboniferous rocks. If these hills formed a simple 
anticline we should find the same strata along their western as 
along their eastern flank, bnt the long paraUel faults already 
alluded to have thrown out a considerable thickness of strata on 
the latter side which are found on the former. This circum- 
stance, along with the undulating nature of the strata, accounts 
for the great development of Lower Carboniferous beds to the 
west, and for the much greater distance between the Old Ked 
Sandstone and the Carboniferous Limestone on that side than on 
the eastern. West of the Pentlanda the Lower Carboniferous 
strata extend in an endles.s series of anticlines and synclines, 
varied everywhere by detached masses of greenstone or 
basalt. Theii' general dip, however, is westerly, and, in spite of 
the frequent repetitions, we get a slowly ascending section 
thi-ough the sandstones and shales of this lower series, until we 
come to the range of hills between Linlithgow and Bathgate, 
where the Carboniferous Limestone supervenes among sheets of 
interbedded greenstone, basalt, and ash. The coat-field of Borrow- 
stowness, occupying the upper left-hand comer of the Sheet, 
also interstratified with gi-eenstone, and forms the equivalent 
the Edge coals of Mid Lothian. The more promvneft'^.VSSw, •osvsc 
whole of this area consist almost uniSoTnAj o5 tia.-^ ani^Coji ■aaOT.o^ 
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4 QEOLOGT OF EDINBURGH. 

valleys which divide them frequently owe their origin to the 
denudation of intercalated shales and sandstones, or to linea of 
fissure along which the dt^nuding' agent haa acted. 

In the following Memoir the rocks are described in ascending 
series. The same order has been followed with regard to the 
interbedded traps, which are described in their proper chrono- 
logical place in the formations among which they occur, in order 
that the geological sequence of the district may be strictly pur- 
sued, and a separate chapter is devoted to the intrusive traps. 
The same remark apphes to the faults ; these are reierred to 
where necessary in the description of the formations, but a notice 
of the more important of them is also added in a. separate section. 



CHAPTER II. 

Lower and Uppek Silurian, and Lower Old Red Sandstoke. 

Lower Silurian. — The only portions of Lower Silurian in this 
Sheet are of small extent, and form part of the northern edge of 
the great SUurian region of South Scotland. The larger portion 
ooeurs about three miles south-east of Penicuick, in the form of 
an obtuse promontory running into and overlapped by the Mid 
Lothian coal-field. It consists of hard grits and shales, striking 
north-east and south-west at high anglea The other piece of 
Lower SUurian in this Sheet occupies a small pari of the south- 
east comer, and belongs to the Moorfoot chain. The Lower 
Silurians, with their associated igneous rocks, are well developed 
in Lammermuir, and will be described in the Memoir to accom- 
pany Sheet 33. 

Upper Silurian. — The Upper Silurian of this Sheet lies 
entirely within the range of the Pentland Hills, and occurs i 
three or possibly four separate patches, being repeated by a system J 
of parallel faulting. As has been stated above, these Uppetj 
Silurians form the fimdamental rocks of the Pentland Hills, and 1 
are covered unconformably by the Upper Old Red Sandstone, ■ 
by felspathic traps of Old Red age, or by Lower Cai-boniferous 
Sandstone, That they are now visible ia the effect partly 
of the faults, and partly ot the denudation of the superjacent 
deposits. It is evident ulso that the present exposure of these 
Silurians ia due in some degree to marked inequalities of the aniv 
face which they afforded as a floor for the accumulation of the 
Upper Old Red Sandstone. Indeed, it appears that during the Old 
Red period these vertical Silurian shales and grits rose above the 
level of the water as a group of low islands, round and over which 
sand and shingle accumulated to form the Old Red Sandstone and 
conglomemte, and that the present Silurian patches are the tops 
of some of the more prominent islands from which these deposits 
nave been subsequently bared away. | 

Of the Silurian areas in the Pentlands, the most southerly and j 
the ]argGBi occupies between two and three square miles uf the hilly ' 



UPPEE SILUKUN. 5 

ground at the head of the North Eak and L3Tie Water, and lies 
partly in the county of Edinburgh ajid partly in that of Peeblea. 
The beds there viatble are highly inclined and often vertical, their 
strike being almost constantly to N.E, or N,N,E,, and their general 
dip to the north-west. By ascending the Eak from Carlops, we 
make a travei-se of these heda at nearly right angles to their direc- 
tion, and obtain the only continuous seotion to be seen in this 
district. The seides when thus examined up the stream is an 
ascending one, as shown in the subjoined section. The lowest 
Fiff. 1. 

r North Esk 



beds are green, grey, and reddish shales, with bands of grit and 
sandstone (a) which contain abundant remains of DictyocaHe, i 
large crustacean. These beds extend from where the Silurians 
first appear to the quarries below the mouth of the eecond rivulet 
above the reservoir. As, they are at vgtj high angles all the way, 
the thickness of this portion of tliem, after making allowance for 
one or two flexures, cannot he less than 2,500 feet. The quarries 
referred to have been opened in a band of hard sandstone and 
quartzy grit (»"). The lower beds of these quarries contain a 
shell like Trochua helidtes, an Orthocei'a3, Mytiliis, Orthonota, 
Avicula, &c. A shaley band in the centre of the large quarry 
contains Orthonota atnygdaliva, and the hard felspathic* and 
quartzy grit which lies above this band shows numerous fig- 
ments which look like tish-plates along with Encrinitea, and some 
obscure bivalves. The thickness of these arenaceous beds is pro- 
bably about 200 feet. Above them comee a group of olive and 
brown sandy shales and sandstones (c), weathering with a con- 
cretionary atructm-e, and usually full of well-preserved fossils. 
These beds become less concretionary higher up, until about half 
a mile below the Bore Stane they pass into soft red shale and red 
sandy conglomerate (l»), the base of the Lower Old Red Sandstone, 
which is here overlaid unconformably, as shown in the section, 
by Upper Old Red and Carboniferous Sandstones. From the 
middle zone of grit to these red shales there cannot be less than 
1,000 feet, so that the entire tliicknesa of Upper Silurian strata 
visible in this locality is probably from 3,500 to 4,000 feet. 

The geological position of these strata is clearly defined by 
their fossils to he equivalent to that of the Ludlow Rocks of 
England. For the list of fossils from this locality, see Appendix 
by Mr. Salter.t 

* Tbis felspathic chsracter occurs in msDj of the grite of this district, 
t Upwards of twenty year* affo two Orihrxeralitn v&e detected by Mr. MsolareD In 
the North Esk (Geol. Fife and Lothlans, p. 303) ; they hnve ninpc heen named 
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6 GEOLOGY OF EDINBURGH. 

Of the other patcliey of tlie same Heries of rocks the largest la 
that which occurs between Bevelaw and Cnugentarrie, on the 
west side of Blafik Hill - They consiet of shales and Lard sandy 
bands, belonging probably to the lower part of the Esk section. 
If this be the case there must be a synclinal folding of the Silu- 
rians, or more improbably, a large fault below Kitdien Moss and 
Hare Hill . I found in the ravines south of Bevelaw, GrttptoUtes 
priodon and RhynchoneUa com.pressa, witli a Theca and some 
other badly preserved organisma 

Hard shales belonging to the same series occur at Habbie'a 
Howe underlying some ashy strata, and skirted on the north-weat 
side by the felstone of North Black Hill, which has been brought 
down against them by a fault. No organisms Iiave been noted 
from this locality. (iSee fig. 25). 

The last area of Silurian coloured on the map lies to the west of 
Warklaw Hill {see %. 3. a.) I must state, however, that it haa 
heen so coloured only after much hesitation, for no Silurian is there 
seen. The evidence upon which the decision was made lay in the 
fact that Warklaw Hill is the lowest felstone of the hills, and as 
along its north-west side the series of felstones unequivocally lies 
upon Silurian strata (as from Bevelaw to Craigentarrie), the pro- 
longation of the same pavement was inferred at Warklaw. The 
space can hardly be occupied by carboniferous strata, unless by the 
^ency of some other fault, of which no trace exists, and there 
is OS little evidence of any underlying Old Hed Conglomerate. 
Following the analogy of North Black Hill, therefore, I have 
coloured the doubtful ground Silurian. 

Lower Old Red Sandstone. — The red shales and conglomerates 
just referred to as overlying the olive sandy fossiliferous shales of 
the Upper Silurian I am inclined to regard as the basement beds 
of the Old Red Sandstone. Tlie grounds of this conclusion have 
been derived chiefly from an examination of the same group of 
rocks at Lesmahagow, about 25 miles to the south-west, where a 
much more complete series is exhibited over a large area." Un- 
fortunately the regularity of the Esk section is affected by a fault 
which traverses the north- west flank of the Kips HiUs, and inter- 
venes between Deerhope Rig and Ea.st Caim Hill. The effect of 
this fault is to throw out part of the Upper Old Red Sandstones, 
their higher portion, or perhaps the base of the Carboniferous 
being brought down against these Lower Red shales and conglo- 
merates. A further, and perhaps the more important result of 
the fault has been the tilting up of the depressed beds, so that 
their angle of inclination is for some way about as high as that 



Appendix: have been collected by Professor Itamsay, Mr. Salter, Mr. Kithard Gibbs, 
ormyscE 

* The succession of strata at Lesmahagow «bs first pointed oat b; Sir Boderick 
Mnrcbison in lS5!i (we QobtL Journ. iieoi. Soc, toL xii. p. 15.) Another memoir 
on the same district was rend by myself befort' thti Geological Society, Jan. 18, IB60 
(sM Qnart. Journ. GeoL Soc., vol. xn. p. -312), in which I have shown that io the 
Pentlaods and at Lesmahagow the Upper Siliiriau and Lowi^r Old Btd form one 
connected series, while the Upper Old Bed and the Carboniferous form another, and 
that between the two seriet there is a marked nucoufbrmit;. 



H of the L 

" exists be 



LOWER OLD BED SANDSTONE. 



I 



the Lower Old Red. Hence the unconfonnity which really 

exists between the two series of rocks is not so apparent here. 
When it is remembered, however, that the Lower Old Red and 
the Silurian form here one consecutive series, and that the Upper 
Old Red and Carboniferous Sandstones rest in the most violent 
unconformity upon the Silxirian, it will he seen that the same 
unconformity must subsist between the Upper and the Lower 
Old Red* If, therefore, we throw the fault out of the question, 
the section will be aa below. 

Fig. ■2. 




The bearing of these points on the geology of the south of Scot- 
land 18 of considerable importance. The Lower Old Red shales 
visible in the Esk are of small extent. They are soft, red, and 
marly, and have not yet yielded any fossils. Above them comes a 
set of red felspathic conglomerates, consisting of well-rolled peb- 
bles of felstone, granite, red sandstone, red grit, and quartz of all 
sizes up to half a foot in diameter, the average dimension being 
about one inch. Partings of red sandstone occur in these con- 
glomerates, and higher up the stream the conglomerates graduate 
into red sandstone. The ground then becomes covered with peat 
and debris, and no rock can be seen for some distance, until after 
crossing the line of fault we come to some red and brownish grey 
sandstones, which are evidently an under portion of the East 
Cairn Hill series, i.e., passage beds between the Upper Old Red 
and the Lower Carboniferous. 

In no other part of the Pentland Hill'j do strata of Lower Old 
Red age occur, and were it not for the very cleai' evidence fiir- 
nished by the river sections at Lesmahagow we should hesitate 
to regard the red shales of the Eak as other than a higher [jart 
of the Upper Silurian series. 

* See thifl point more fully disenssed in the last paper referred to in the preceding 

Thongli these Eabdivifiiona of the Old Red SandstoDe are osed in the present Memoir, 
it is veil to remark that the series of Baadstones and conglomerated, here caUed 
" Upper Old Red," graduate np in coDformable snccesaion into the Lower Carbonife- 
rous ; while the " Lower Old Red " pasaea with equal confbruiity downward into the 
Upper Silurian. It may eTentiinlly be foond nercBBBry to adopt the claaaiflcation 
proposed by Mr. John Kelly, and elueidaled by Mr, Jukes (Tc^ct'Book, p. m et seq.), 
vix., that the Upper Old Red forms the baacmeiit portion of the CarboniferouG series, 
while the Lower Old Red occupies the upper pan of the Siloriaii. 



OBOLoar OF EDiNfimtnu. 



1 



CHAPTER III. 
Upper Old Red Sandhtone. 
The Upper Old Red Sandfitone embraced in this Sheet lies 
entirely along the great central axis of the Pentland Hilla. It 
comprises a thick seriea of red and green sandBtonea and conglo- 
merates resting uneonformably on the Ludlow shaleB and grits 
just described, and graduating upward into the fine conglomerates 
and sandstones of the Lower Carboniferous series. It contains 
also a remarkable aeries of contemporaneous igneous rocks, wliich 
form the prominent Pentland chain. A sketch of the geology of 
these hills, therefore, wiU best explain the Upper Old Red ^nd- 
stone of Mid Lothian.* 

Conglomerates and Sandatonee of South End of Pentlanda. — 
The fundamental Silurian shales and grits of these hilla have 
already been described. At the south end of the chain they are 
overlaid by a great thickness of coarse conglomerate, green grits, 
and sandstones, which rise into rounded undulating hills, ex- 
tending southwards into Peeblesshire. Although the Upper Old 
Red dips, on the whole, away from the underlying Silurian, it 
lies mostly ou the south-east side of the anticlinal axis of the hiUs, 
while its place on the north-west side is chiefly occupied by tbo 
Lower Carboniferous. The cause of this diversity becomes clear 
when we remember that during the deposition of the Upper Old 
Had, the Pentlands formed a definite chain, which continued to 
sink during the progressive formation of the different deposits 
We must also bear in mind the parallel faults which flank the 
hilla, and by which a considerable thickness of Upper Old Red 
Sandstone has probably been depressed on the north-west side. 

A good typical section of the Upper Old Red atrata of the 
Pentlanda may be seen in any of the streams which flow dovtru 
the east side of the hills, as the Lyne, the Esk, or the Monk's 
Bum. In the last-mentioned streamlet the following strata are 
visible, the lowest occurring at its upper end: — 

Felatone, of Nine Miles Bum - - - -~| ft. 

Felspatliic breccia 

Bed eandy conglomerates, leith fehpathic layers - 800 

Hard grit§, and soft green and yellow sandstones, the \ to 
whole very generally conglameriCic, bnt most so 1,300 
towardi the base, where there are regular seams of 
conglomerate - • " "J 

Coarse green conglomerate, of Silurian grit - - 100 

Grita and aaudstonea, as before, canglomeriHc - 200 

Coarse greenish conglomerate, of Silurian fragments - 150 
Yellow grit and sandstone • - - - 40 

Very coarse red conglomerate . . - 250 to 300 

Highly inclined Silurian red shales. 

* I refer with pleasure to the adiaiiable description of Mr. Charles Mactaren, (tee 
his " Geology of I'ife and the Lothiana," p. 124, H seq.,) which, with his survey of 
Arthur's Seat, will always rank as one of the claasics of Scottish descriptiTe geolon, 
A more extended e.tnmimition of the district has eiiabltd mc to modifj liis residts in 
sevend places, bat the main facts remain as he traced them nearly s quarter of a 
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These thicknesaes are only approximative, having been obtained 
by protracting the angles of dip taken at abort intervals in the 
bed of the stream. 

The conglomerates are always coarsest at the base of the aeries. 
They consist chiefly of hard grey grita derived from the waste 
of the underlying Silurians ; there are also smaller fragments of 
quartz, jasper, and various felstones, the last being usually most 
abundant towards the top. The paate is generally sandy and 
more or leas felapathie, such as would result from a comminution 
of the grit pebbles ; in some places it becomes more argillaceous, 
and occasionally it consists of white crystalline carbonate of lime. 
The sandstones and grite have a gi-eenish or grey hue, and are 
generally markedly felspathic ; the felspar being disseminated 
tlirough them in the form of minute yellow or pinkish grainn. 
In many eases it would be impossible to distinguish some of tlie 
harder varieties of these grits from the subjacent Silurian grits, 
out of which they liave probably been in great measure formed. 
Usually, however, they are softer-grained, flaggy, and false- 
bedded, with a sprinklnig of small rounded pebbles, which in- 
crease in certain layers till they form seams of sandy conglo- 
merata These strata vary of course in details as they are traced 
even for a short distance, the Monk's Bum section differing from 
that of the Esk, which in turn does not wholly agree with that 
of the Lyne. The frequent alternations of sandstone and con- 
glomerate point to in-shore conditions of deposit round a group 
of low reefs and islets, and since these alternationa are charac- 
teristic of the whole series from base to top through a thickness 
of, perhaps, 3,000 feet, it is plain that they were formed during 
a period when the land of the neighbourhood was slowly sub- 
siding. That subterranean forces were at work in this district 
during the period of, the Upper Old Bed Sandstone we have 
abundant proof in the long series of volcanic products, which now 
falls to be described. 

The highest beds ol the Monk's Bum, as showm in the pre- 
ceding table, are overlaid by a dark red compact felstone. The 
section laid open by the next stream to the north-east shows 
that this felstone, in its lower part, consists of two or three thin 
beds in reddish sandstone and conglomerate. To the south-west, 
also, at Patieshill, the same felstone contains a thick lenticular 
bed of conglomerate and sandstone, while its upper part along 
the turnpike road is covered by felspathic conglomerates and 
shattery grits. We can tra9e the same rock northward into the 
Kips Hills, where it swells out into a bed several hundred feet 
thick. In descending the north slope of these hills into the 
Logan valley we again come on the base of the felstone, but 
here, in place of sandstone and conglomei'ate, it is underlaid by 
beds of ash and great sheets of felstone. These rise from the 
other side of the valley into one of the two chains of connected 
hills of which the central part of the Pentlands consists, while 
the Kips Hills and tbeir north-eastern prolongations, Scald Law, 
Camethy, and Tumhouse Hill, form the other. Although, t.h»Ki- , 
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fore, in the Monk's Bum and tbe streams to the soutlivard there 
is a continuous section from the base of the conglomerates up to 
the Kips Hill felstone, that section Jtiee not rejireaent the geolo- 
^cal sequence of the central and northern part of the hilla 
There we find that the whole of tho great coiigloiDerates wliicli 
form the south end of the chain are replaced by sheets of felBtone 
with narrow lenticular interatnitificatious of aali, Hand»>t(mes, and 

mglomerate. A reference to the map will show bow this chajige is 
effected. The great conglomerates and sandstones range north-«ast 
to the west Kip Hill, but the long Logan VftUey faiUt has thrown 
out such parts of them as may originally have flanked the western 
aide of the anticline. We can see, liowever, that in theii- north- 
ward progress their thickness becomes greatly less, so much so, 
that along the top of the ridge a,t Cap Law they have, perbai«, 
less than a third of the depth which can be seen in the Monk's 
Bum. This thinning out towards the north fidly accounts for 
the want of any sandstone or conglomerate between the Silurian 
and the felstone at Bevelaw. In explication of the appearancea 
here presented we may suppose that during the earlier part of 
the Upper Old Rud Sandstone period in this locality, the con- 
glomeiute and sandstone of Spittal Hill and Gap Law existed as 
a shingly submarine bank by which a series of lava-form ejections 
flowing from a crater some miles to the north-east were arrested 
in their progress and diverted eastward. These ejections, with 
periodB of iutennission, marked now by the sandstone and con- 
glomerate intorealations, continued until a vast mass of igneous 
matter in successive sheets was heaped up to the north-east of 
this tank to form what we now know aa the Pentland Hills. 

Interbeddtd* Igneous Roche of the Pentla/nd Hills. — The 
igneous rocks of this ciiain occur as long consecutive sheets of 
felstone, with occasional ashy bands, dipping south-east at an 
average angle of 25" to 30°, They are truly interbedded masses 
in the Old Red Sandstone, seeing that they rest upon the con- 
glomerate and sandstone just described, while between and above 
them occur bands of conglomerate made up of their fragments. 
The north end of the hills exhibits considerable confusion in 
detail, felatones of many different kinds occur there in short len- 
ticular patches, with intervening ashy layers, and it requires 
some little time to discover that even bfire the general direction 
of the masses corresponds with that of the entire chain, namely, 
north-east and south-west. From this moi-e complicated area the 
larger beds, such as the Kips Hill felstone ah-eady referred to, 
extend to the south-west for six or eight miles, preserving theil" 
distinctive charactei-a throughout the whole of their course. 
The subjoined section exhibits the structure of the hills to the 
north-east of the conglomerate bank above described. 

* hterbedded is aaed to denote thosti ihisetB nf igneous matter whwh have been 
ejected prerioua ta the deposition of the strata which cover tliem, but in the slOM 
geological perioii, and which are hence kuowD as conlenifioranaiHg. There are, how- 
ever, other parallel sheels which owe their parBUeliam to injection along the bedding 
planes of Iha strata i soch masses are called intniaive oi suba&piait. 
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The lowest felstone bed in geological 
position is that which forms Wark- 
law Hill (b in fig. 3). In its under 
part it is a hard, blue, compact rock, 
sparingly porphyritic ; higher up it 
becomes more porphyritic and amyg- 
daloidal, until along its upper surface 
it is a highly vesicular and porphyritic 
amygdaloid, the cavities, when filled, 
containing calcedony, qilartz, calcspar, 
green earth, &c. When seen from 
the notth-east, Warklaw Hill presents 
an unmistakably bedded contour, the 
three beds of which it consists dipping 
S.S.E. at about 20^ 

The next bed in ascending order (c) 
forms the eminence on the east side 
of the reservoir called Torduff Hill. 
It is a much lighter-coloured felstone 
than the last, having a pale flesh- 
coloured tint, dull, often mottled and 
brecciated, and sparingly porphyritic. 
Veins of barytes occur along the clifF 
overhanging the reservoir. 

Both of tnese felstones are overlaid 
along their southern edges by Lower 
Carboniferous strata (c a). There is ^ 
a local unconformity in the line of 
junction, and the beds immediately 
resting on the felstone are highly 
felspathic, as may be seen towards the 
head of the Kenleith Bum. Cherty 
limestone has been quarried on the 
south side of Warklaw Hill, and a 
thin bed may be seen in the strata be- 
tween the two reservoirs. The shales 
on the south side of Clubbiedean 
Reservoir contain Sphenopteris, My- 
alina^ fee, and they have, therefore, 
no immediate connexion with the 
felspathic traps on which they rest. 
That they were deposited on an un- 
even surface of these traps is shown 
partly by theit truncation of the 
Torduff bed, and partly by the pro- 
trusion of an outlying mass of the 
Warklaw bed among the strata south 
of the Clubbiedean Pond. But these 
Carboniferous rocks will be referred 
to again in their proper place in the 
geological series. 
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Reference to the map will show that to the south-east of 
Torduff Hill there occurs a fault which ranges in a north-east and 
south-west direction along a considerable part of this side of the 
Pentlands. Its effect has been to depress the rocks on the west, 
and throw them for some distance into a vertical or even reversed 
position. Hence it comes that both Warklaw Hill and Torduff 
Hill are outliers detached from the main mass of the hills by this 
fiiult, for we find them continued on its east side. The peculiar 
quartziferous amygdaloidal felstone of Warklaw is easily recog- 
nizable in the crags of White Hill above Bonally, while the marked 
flesh-coloured rock of Torduff is not less readily observable, 
resting above the White Hill bed and stretching eastward to 
beyond Howden Bum, • 

At the Bonally pond the pale felstone (c) is overlaid by a 
thin seam of conglomeritic sandstone (b) of limited extent. 
Another, but much larger, lenticular mass of conglomerate occurs 
about the same horizon a mile to the south-west. As exposed on 
the north-west side of Belld Hill,* it dips south-east at from 45® 
to 65**, and consists chiefly of well-rounded, green grit pebbles, 
with a smaller number of yellow felstone, imbedded in a com- 
minuted paste of the same materials. 

If we proceed eastward from the Bonally Pond along the 
Allermuir and Caerketton ridge we cross a succession of felstone 
beds (as b and f) which, from their variety, frequency, and len- 
ticular character, give an appearance of great confusion to the 
north end of the chain, and afford some ground for the conjecture 
of Mr. Maclaren that in this neighbourhood lay the crater of 
eruption. The changes of mineralogical texture are so frequent 
that to map out all the varieties of rock here would be almost 
impossible. The more important masses are given on the map, 
and for the sake of showing the bedded character of the hills two 
tints have been used in the geological colouring, the darker mark- 
ing the darker felstones, such as that of Warklaw ; the paler 
tho se of a light pinkish colour, as that of Torduff. 

Green Craig consists of a dark, compact, porphyritic felstone 
sometimes almost like a basalt. It rests above the pale felstone 
of the Howden Bum, and extends northwards to the fault, having 
been quarried in a round copse near Dreghom Mains ; it dies 
away southward along the west side of Capelaw Hill. It is 
surmounted at its north end by another pale felspathic rock, well 
seen in the next stream east from the Howden Bum. This thins 
away abruptly to the south for a short space, where the darker 
beds above and below it unite. South of this point, however, 
near the head of the Howden Bum, a reddish-white dull felstone 
(o), like the last, begins and swells out enormously to the south- 
west, forming the bold chain from Capelaw to Bevelaw. This 
rock varies considerably in different parts of its course. At Belld 
HiU it assumes a dull white or yellowish colour, is compact and 
homogeneous, and weathers with a white surface, its frtigments 



* This name is mis-spelt ** Bell'sHill " on the 6-inch maps of the Ordnance Snrfey. 
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strewing the liill sides as long grey lines (if rubbiah. At nortb 
Black HiU it is lleslnx)loured, of a semUliornatone texture, breaks 
with a ciean conchoidal fracture, and is traversed by numerous 
joints. In the White Cleugh on the south-east side of the hill, 
the rock assumes a fissile structui-e, with planes dipping E.S.E. at 
23" to 55°. Again, on King's Hill, between Eelld Hill and tho 
Glencross Reservoir, the same structure is observable, the laminie 
there having frequently a twisted, crumpled appearance. The 
south-west side of North Black Hill is overlapped by the upper 
beds of the Old Red Sandstone, as Warklaw and Torduff Hills 
are overlapped by Lower Carboniferous, The felstone, however, 
thins rapidly away to the south-west, as may be seen at the north 
end of Green Cleugh, where the Conglomerate and Sandstone, 
resting at first on the felstone, soon come to lie directly on the 
tilted Silurian, which stretches to north-east under the felstone. 

Near the bottom of the valley, between Belld HiU and Har- 
bour Hill , occurs another short lenticular patch of greenish grit 
and conglomerate (h). The pebbles are partly of hard Silurian 
grit and partly of yello-w felstone, the paste being strongly 
felspathic, derived doubtless from the rock of Belld Hill. This 
bed does not go beyond the south side of King's Hill, and cannot 
be seen in the next stream to the north, so that ita entire length 
is perhaps leas than a mile. In the quarry by the side of the 
road in Cleuch Maid the dip is south-east at SS^-iO". 

The pale felstone, so conspicuous along the west side of the 
Logan valley, becomes lost towards the north in the confused 
assemblage of various ielatonea clustered round Allermuir HiU. 
Crosang tliat range, and descending towards the north, we find 
an in'egular lenticular bed of brecciform ashy felstone on the 
west side of Hare Bum, and again a similar mass on the north 
side of Shearer Knowe, stretching north-eastward to the road 
between Swanston and Hunter's Tryst, where it underlies the 
dark blue compact felstone of Craigside quarry, and rests on the 
pale mottled felstone which forms the western part of the Braid 
Hills, The position of this ashy intercalation is indicated on 
the map, 

Proceeding south-west, again, from Allermuir HiU, the next 
felstone in ascending order that can be clearly traced is a dark 
compact crystalline rock (i),* with veins of carbonate of lime and 
hiematite. It overlies the felstone and the conglomerate of the 
Belld Hill ridge, and runs from Allermuii- Hill to the Silurian 
patch at Loganlee, a distance of about 4 miles. 

It is overlaid by a continuous band of stratified material 
marking a pause of some duration in tlie series of eruptions. 
The band is first seen in the Allermuir Burn, rather more than a 
furlong up from the reservoir ; it skirts the south side of the 
reservoir and thence runs along the south-east side of the valley 



* This arid ihe next felstone bed uro nut separable where the cectjoo (Gg. 3) 
rrcisses ; soiitbwarde, however, they are divided hj an inlerculfiUoa of umdatone, &c 
marked b; the line at I in the figure. 
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to the Loganlee Reservoir where it is well displayed, especially 
along the side of the roadway. It continues in a south-west 
direction across the bum descending from Scald Law until it is 
cut off by the fault. Throughout this course it varies greatly in 
composition. In the AUermuir Bum it is a bed of conglomerate 
resembling those already described ; at the Glencross Reservoir 
it consists of interstratified sandstones and conglomerate, while 
at the Loganlee Reservoir and in the Scald Law Bum it passes 
into a felspathic ash, well bedded and interstratified with bands 
of felstone. As the Loganlee section is complete and easily 
accessible, and affords besides some important insight into the 
structure of the Pentland Hills, I shall here give its details, 
beginning at the bottom : — 1. Silurian shales and grits on whicsh 
the felstone (2) of Nortli Black Hill rests ; 3. l)ark felstone 
(the lower part of x in fig. 3) ; 4. A duU yellowish stratified 
felstone or claystone, the layers ranging from less than half an 
inch to fully 2 feet in thickness and dipping S. 40° E. at 22°-25'* ; 
5. Well-bedded felspathic ash, some of the beds containing frag- 
ments of various felstones, others without lapilli, and closely 
resembling the subjacent beds 4 ; 6. Another felstone like some 
of the thinner bands in 4 ; 7. Yellowish white felspathic ash 
like that below (the beds 4-8 occupy the position of the dark 
line in x, fig. 3) ; 8. Dark amygdaloidal felstone. The section in 
Scald Law Bum differs from that of Loganlee in the greater 
relative thickness of its stratified felstones, and in having at the 
base of the series a dark red micaceous sandstone, about 6 feet 
thick 

Starting again from AUermuir HiU, the next bed in ascending 
series is a dark compact felstone (upper part of x in fig. 3), like 
that underneath the ash and sandstone band just described. It 
extends from beyond AUermuir Hill to Kips ^ill, thence it trends 
south-east to Quarrel Bum and onward to Carlops, a distance 
of about 10 miles. On the west side of Castle Law Hill it is a 
compact blue crystalline rock, but southwards it becomes highly 
amygdaloidal and vesicular, forming in this state the two pro- 
minent peaks of the Kips Hills. On the west side of the west 
Kip the felstone rests on the great conglomerate bank already 
described, aU the subjacent felstones and other interstratifications 
having thinned away. The bottom of the bed in the Quarrel 
Bum presents some interesting alternations with conglomerate. 

I have spoken of this felstone as one bed, from the impossibility 
to trace it out into more ; but in reality it is the product of 
several eruptions. This is made evident by the occurrence in it 
of two intercalated sheets of conglomerate, one lying at the head 
of the Eastside valley, the other at Patieshill, near Carlops. The 
fault at the latter locality has brought down this conglomerate 
and its contiguous felstones against the older conglomerates of 
Spittal HilL 

The upper surface of the felstone (i) is, at different places, 
covered with ash or conglomerate. At Carlops it has a capping 
of coarse irregular conglomerates and grits, the whole highly 
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felspathic, and some of the beds hardly distinguishable from some 
of the more granular felstones. At the road north of Walstone 
the covering is of fine grained felspathic ash ; on the west side of 
South Black Hill it is a lenticular bed of conglomerate, consisting 
of rounded md subangular felspathic fragments of all sizes up to 
a foot in diameter, embedded in a granular felspathic paste. 
Along the north-west side of Scald Law the felstone is over- 
laid by beds of ashy felspathic sandstone, dipping south-east 
at 22^ 

The felstone (x) which covers these sedimentary intercalations 
forms the highest summits of the Pentland chain, and extends in 
unbroken continuity from Caerketton Hill to Walstone, a dis- 
tance of 7 miles. Its base has often a brecciated ashy appearance, 
as is well seen on the west side of Caerketton Hill ; but the 
main mass of the rock is dull, compact, sometimes like a horn- 
stone, but oftener with a meagre earthy touch. It has a pale 
whiteish grey or pale pink colour, and the bleached lines of 
debris which cover the hill sides sufficiently point out its position 
even at a distance. Towards its south end, in the detached 
roimded eminence called Broad Law, it has a tawny colour and 
a strongly vesicular structure concentrically mottled. Its upper 
surface has a brecciated ashy layer like that on which it rests. 
This is well seen on the top of Caerketton Hill, where some 
remarkable interveinings of diflferent coloured felstones occur ; 
it is visible also on the road side at the south end of South Black 
HilL From that point the great felstone of the hill begins to 
thin away'rapidly, until at Walstone, the ashy seam below unites 
with that above, and the felstone disappears. 

The rock which forms Scald Law, Carnethy, and Castle Law 
Hill is surmounted by a series of dark porphjrritic and amygda- 
loidal felstones (i«), which range north-east from Walstone and 
form apparently the eastern and larger part of the Braid Hills. 
Though coloured on the map as one band from the want of 
continuous lines of demarcation, this mass of rock undoubtedly 
consists of several beds. Thus at Walstone the rock visible is a 
well-marked porphjnry ; on the south-east side of Carnethy it 
is very compact and crystalline, with small granules of amethyst 
and large tabular felspar crystals ; at the east end of Hillend 
Hill it is dark red, crystalline and finely porphyritic, while a short 
way higher up in the series it becomes strongly amygdaloidal, 
containing kernels of quartz, calcedony, and green earth. In the 
lower part of the same hUl a similar red felstone has its numerous 
slicken-sided joints coated with serpentine. Passing northwards 
along the same line we find the felstones of the Braid and Black- 
ford Hills presenting in some places a very compact homogeneous 
texture as clinkstones, while in others they have a dull, some- 
what earthy, and porphyritic texture. Although, therefore, no 
lines can be traced separating these rocks into distinct beds, 
they form, as a whole, a well defined band resting on the pale- 
coloured felstone of Scald Law aAd Carnethy, and on a similar 
pale mottled felstone forming the wester Braids. 
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In fine, the truly bedded character of all these felstones, their 
interstratifications of sandstone, conglomerate, and ash, and their 
undoubted place in the Upper Old Red Sandstone, indicate tliat 
in the later part of the Old Red period volcanic agencies were 
long and actively at work in Mid Lothian. Tlie £act, too, that 
these rocks are covered by conglomerates and sandstones gradu- 
ating upward into those of the Lower Carboniferous series shows 
that these agencies had become quiescent here before the com- 
mencement of the Carboniferous period. 

The upper conglomerates, forming the gradation into the 
Carboniferous group, occur on the east side of the hills at 
Liberton and on the west side at Habbie's Howe ; their nature 
and their passage into the superincumbent strata are detailed in 
the next chapter. 



CHAPTER IV. 

Basement Beds of Lowek Cabboniferous Gboup. 

The long parallel faults by which the Pentland Hills are 
bounded materially retard any attempt to ascertain the thick- 
ness of the great mass of sandstones and conglomerates forming 
the passage beds or neutral ground between the Old Red Sand- 
stone and the Lower Carboniferous. It is not certain that the 
whole of that series now reaches the surface, nor that, if it does 
reach the surface, we have not parts repeated by the faulting. 
Making due allowance, however, for either alternative, the repe- 
tition or imperfection in the series is probably not of any great 
extent, if the sections be taken north of the Pentlands, since a 
gradual ascending series can be traced from the Braid Hill fel- 
stones up through the Upper Old Red Conglomerate of Liberton, 
into a series of pale calcareous sandstones and pebbly conglo- 
merates, which form the base of the Lower Carboniferous group, 
and extending northwards by Craigmillar, re-appear at the 
Castle Rock of Edinburgh. From this point the series can be 
traced in ascending order eastward through the central ridge of the 
Old Town and the rocks of Arthur's Seat. In this section there 
occurs of course one marked break. One of the larger faults (which, 
however, is thinning off to the north-east,) intervenes between the 
Castle Rock of Edinburgh and Craigmillar, so that it is only 
from their lithological aspect, and from the general structure of 
the district, that we conjoin the higher part of the Craigmillar 
beds with the strata at the Castle Rock. In a country so broken 
and shattered, and so obscured by superficial accumulations, the 
geologist cannot hope for minute accuracy, and must often con- 
tent himself that his scattered facts and isolated observations be 
linked together by what he regards as at best only plausible 
conjecture. 
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The highest of the Braid and Pentlaud Hill trappean rocks 
are succeeded at Liberton by a coarae, well-rounded conglome- 
rate, lying at the top of the Old Red series, and consisting mainly 
of felstone pebbles, imbedded in a felspathic and occasionally 
crystalline calcareous paste. Similar conglomerates, and of the 
same age, occur als» on the eouth-weat side of the hills at 
Habbie's Howe and along the western flanka of the Kipps Hills. 
There they are interstratified with red sandstone and one seam 
of comstone, the whole passing up into a great series of Lower 
Carbomferoiis red and reddish-white sandstones, which, from 
Hare Hill, extend south-west into the Cairn Hills. To the 
development of these Lower Carboniferous strata to the west of 
the great Pentland ridge I shall have again to refer. 

The Liberton conglomerate becomes finer as, in ascending suc- 
cession, we trace it to the north. In the fields to the north of 
the village the rock comes to the surface in a few irregular knolls, 
which consist of a pebbly calcareous conglomerate, formed mainly 
of small fragments of a greyish-white cherty limestone, along 
with various felstones and grits. From this point higher strata 
can be seen at intervals towards Arthur's Seat. They are well 
expcsed in the grounds of Kingston Gi-ange, where they consist 
of gritty sandstone and fine conglomerate, and where also the 
effect of the long fault can be readily seen, since in the stream 
the mountain limestone bands are thrown down vertically 
against these greatly lower and almost horizontal beds. The 
same low series can be traced, in its upward progress, into the 
fields of Craigmdlar, where, especially at the Castle, the cal- 
careous and pebbly conglomerates are admirably exhibited. 
Some quarries north of the ruin likewise display some of the 
finer-grained sandstones. Proceeding still further to the north, 
we notice at intervals along the road side an ascending sand- 
stone series, until the ground sinks into a drift-covered valley 
where no rock can be seen. It is observable that in the whole of 
the series just described (that is, the basement beds of the Lower 
Carboniferous group,) there is no dark shale visible. Some of the 
sandstones have, indeed, a finely laminated aspect, and crumble 
down under the influence of the weather in a manner analogous 
to that of many shales ; there occur-, also, red argillaceous beds ; 
but of the dark fissile shales, so characteristic of higher parts of 
the great Lower Carboniferous group, there occurs among the 
Liberton and Craigmillar beds not a trace. 

Befereiice to the map will show, as just stated, that between the 
Craigmillar series and that of Arthur's Seat one of the long faults 
intervenes. As the effect of that fault is to bring down the strata 
along its north-west side, we must seek for the continuation of 
the Craigmillar beds, not in Arthur's Seat, but to the west. 
Passing westwards, therefore, the only available point of connexion 
is along the south-east side of another marked fault, which, tra- 
versing the west flank of WarkUw Hill and Craiglockhai't, and 
keeping nearly parallel to the Water of Leith, passes under the 
east &ont of the Castle Hock. The section at tba \alO«iY i&'amj!?:x>Kib 
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is the only one in the district which seems, in a general way, to 
piece on to the section at Craigmillar. The sandstones and 
greenish sandy shales there visible have long been well known to 
geologists. Their dip is easterly, and in a series of deep drains 
cut a few years ago along the street leading from the Castle to 
Arthur's Seat, the series of sandstones and reddish and greenish 
shales was found to continue down to near Holyrood, having the 
same general eastern inclination. Hence the Old Town of Edin- 
burgh stands on a series of Lower Carboniferous Sandstones and 
marly shales, of which the lowest visible portion occurs at the 
Castle and the highest at Salisbury Craig and Arthur's Seat. 

The strata at Salisbury Craig clearly indicate a higher strati- 
graphical position than those at Craigmillar. The green and 
reddish hue in the sandstones still remains, but the beds are 
thinner, more sparingly conglomeritic, and contain numerons 
thin alternations of green and red argillaceous shale, with some 
bands of coarse limestone. In the quarries above the greenstone of 
the Craig the sandstones are well exposed, many of their sur&ces 
showing ripple-marks along with the bores of annelids. On the 
east side oi the Hunter's Bog these strata pass under the volcanic 
rocks of Arthur's Seat. Before entering upon the latter, however, 
it may be well to notice the development of the basement beds 
of the Lower Carboniferous group in other parts of the area 
embraced in the present Sheet. 

When the Lower Carboniferous rocks of Edinburghshire b^an 
to be formed the trappean ridge of the Pentlands had not wholly 
disappeared beneath the Old Bed conglomerates and sandstones. 
Hence in several parts along the western flank of the hills, not- 
withstanding the long parallel faults, we find different horizons 
of the Lower Carboniferous series resting directly upon Upper 
Old Red felstones, and in other parts graduating downward into 
a diminished series of Upper Old Red conglomerates and sand- 
stones, which in like manner rest at different levels upon the 
felstonas and on the underlying highly inclined Silurian strata. 
In the streams to the east and south of Warklaw Hill, a series 
of sandstones, shales, and thin limestones occurs, which possibly 
represent the similar strata overlying the traps of the Calton 
Hill ; at least they appear to be higher than the sandstones and 
shales of Arthur's Seat. They rest directly upon the felstone of 
Warklaw Hill, and from the fekpathic character of their lower 
beds appear to have been derived from the waste of that rock. 
The floor on which they were deposited must have been some- 
what uneven, for about midway up the bum that descends into 
Clubbidean Reservoir from the south, a mass of the same felstone 
protrudes from beneath the enveloping strata.* These shales and 
sandstones contain Sphenopteris afinis, Gypris (the Burdie House 
species), Spirorbis (two species), MyalincL Although probably 
much modified by the effects of the adjacent fault, the valley of 
the Clubbidean Reservoir seems to have exist-ed as a sheltered 



* iSm aalc fig. 3, p. 11. 
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bay during the time when these beds were forming, and the deep 
gorge between the two reservoirs has been subsequently exca- 
vated. A similar bay must have indented the south side of 
Black Hill and the western flanks of the Kipps Hills long before 
the erosion of the deep valley of Loganhouse, which now divides 
the Pentlands into two ranges. The Upper Old Eed sandstones 
and conglomerates at Habbie's Howe accumulated in that bay, 
and eventually also the earlier part of the Lower Carboniferous 
group. In short, at the close of the Old Red Sandstone, and 
during the earlier part o2 the Carboniferous period, the long ridge 
of the Pentlands was being slowly submerged. The western 
outline of the ridge was sinuous and indented, and perhaps the 
eastern flank presented a similarly varied contour. But all these 
inequalities were eventually silted up, and long before the end of 
the Lower Carboniferous sandstones the whole ridge had finally 
disappeared beneath the growing sediment^. If the observer 
wishes to have ocular proof of these facts, let him ascend the 
rock-strewn sides of East Cairn Hill, and standing on the almost 
horizontal sandstone beds on the summit, 1,839 feet above the 
sea, let him carry* his eye northward and mark how completely 
these strata if prolonged would sweep across the Pentlands. Let 
him note also, as indeed in the ascent he could not fail to do, 
how striking are the proofs, in this hill, of enormous denudation. 
The truncated ends of the gently inclined strata can be traced 
above each other among the fiirze and the scattered blocks, 
upward from base to summit like tiers of masonry. The Cauld- 
stane Slap — a deep defile between the two Cairn Hills — has 
been cut down through these sandstones fully 500 feet. Every- 
where, indeed, the proofs of powerful denudation are apparent, 
and when the observer marks how well the thickness of beds 
still left at CauTi Hill would, if prolonged, cover over the heights 
to the north-east, he can h^^ve little doubt that the mass of 
superior strata which has been swept away, must have risen high 
over even the highest summits of the Pentland Hills. 

Trap Rocks of Arthurs Seat, Calton Hilly amd Craiglock' 
hart, — It was probably after the entire submergence of the 
Pentland ridge that the volcanic rocks of Arthur's Seat, already 
referred to, began to be ejected. From this point in the chro- 
nology, the geology of Mid Lothian becomes more defined and 
varied. We begin to detect more frequent varieties in the cha- 
racter of the sedimentary material, traces of plants become more 
common, and soon abound, the fauna likewise increases rapidly, 
while at irregular intervals there occur marked evidences of 
volcanic action. 

In order to understand the trappean geology of Arthur s Seat 
and the neighbourhood of Edinburgh, it is necessary to attend 
somewhat carefully to the system of faulting, and also to the 
extensive denudation of the area. The axis of the great Car- 
boniferous anticline, after traversing the line of the Pentland 
Hills, continues through the town of Edinburgh, and gradually 
disappears towq^rds the north. Hence the strata oil ^^% «^sai^ <25l 
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the town dip eastward while those on the opposite aide dip we*t. 
If, therefore, no faulte intervened, we should find the same atrata 
DD both sides, and the Arthur's seat series would thus ho re- 
peated somewhere about the site of Donaldson's Hospital Thia 
regularity, however, does not exist. A reference to the map will 
show that one of the Pentland Hill faults crosses on the east aide 
of the Castle Rock. Its effect has been to thi-ow below tlic 
surface on the west the whole series of reddish sandstones and 
shales between the east end of Arthur's Seat and the Castle, and 
to bring a set of dark shales, forming the lower part of the 
well-known Wardie aeries, down on a level with the greatly 
lower beds at the Castle section, This fault is well shown on. 
the east side of the rock below the Half Moon Battery ; the 
strata are there bent and broken, and the hard basalt is 
groovetl by the friction of the rock maases.* It is impossible to 
ascertain exactly the amount of displacement here ; if, however, 
the atrata continue to dip steadily eastward at an average angle 
of only 15° (and this supposition is certainly not over the truth,) 
then the shales to the west of the Castle must have sunk down 
not lass than 2,500 feet. It is very evident, therefore, that the 
strata west of this &.ult belong to a higher part of the series than. 
those of Arthur's seat, and that consequently we cannot expect 
to find the latter prolonged to tlie west-t 

Since the Castle fault, however, does not coincide with the 
anticlinal axis, but traverses it obliquely from south-west to 
north-east, we find the axis, irregular, indeed, but apparently 
unbroken, between that fault and the next one to the south-east. 
Traces of the arching of the strata, though scanty enough, can 
yet be seen at several points among the southern suburbs. In an 
old quarry near the Grange Cemetery, red sandstones, evidently- 
very low in the series, dip slightly west of north. Here the dip 
seems just on the point of turning westward, while when we pass 
west to Bmntsfield Liniks we find the north-west dip confirmed, 
whence it continues the prevailing direction for four or five miles 
south-westward to Warklaw Hill. It is with this reversed dip 
that the trappean. rocks of Craiglockhart are inclined. Viewing 
these rocks in connexion with the physical structure of the 
district, and with the lithological features of the strata, among 
which they occur, it seema far from improbable that though now- 
disconnected by denudation these rocks were once continuous 
with those of Arthur's Seat. I am thus particular in pointing 
out the probable extension of the volcanic series of Arthtu-'s Seat, 
in order that before entering upon the detailed structure of that 
hill the reader may bear in mind that though these volcanic 
materials, now only exist in scattered patches, they must once 
have covered a much greater area, and are therefore more 
important than their present local character would seem to 
justify. 
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Arthur's Seat. — In mveatigating the structure of a trappean 
diatrict it is desirable to ascertain whidi of the traps are con- 
temporaneously interbedded with the rocks wherein they occur, 
and which are intrtbaive, i.e., later than the rocks they traverse. 
Fortunately in the case of Arthur's Seat this determination can 
eaaCy be made. There the lowest three greenstones are intrusive, 
and occur together, leaving the eastern side of the hill to he 
considered Ly itself as a aeries of contemporaneous i 
the Lower Carboniferous s 




The western part of the hill consists of {s a) Lower Car- 
boniferous sandstones, bands of fine conglomerate, shales, and 
impure limestones, dipping east at from 17° to 30°. Tliese 
rodcs are well displayed along the mural cliffs of Salisbury Craig 
and in the quarries above the Hunter's Bog. The sandy beds 
are sometimes ripple-marked and covered with annelid burrows, 
while fragments of carbonilerous plants occasionally occur in 
thera. They contain the three beds of intrusive trap just 
mentioned-t Of these, the lowest is that of Heriot Mount and 
St. Leonard's Craig (1), a hard blue greenstone with disseminated 
crystals of felspar, but towards the top more compact in texture 
and very sparingly porpliyritic. It forms the crest of the ridge 
running in a semicircular line from Dumbiedykes to near the 
Hawse, where it joins the greenstone of Salisbury Craig to form 
the thick mass of Samson's Ribs. It is both surmounted and 
underlaid by red and white altered sandstones, which can be 
seen in the qnan-iea at the east end of Beaumont Place, in the 
cutting of the Queen's Drive, opposite the gate at the railway 
tunnel (where the overlying strata are greatly altered), and in 
another cutting at the Hawse. At the latter locality, the rocks 
visible are in some of the beds highly conglomeritic and calcareous, 
numerous fragments of cherty limestone occurring in a calcareous 
sandy base. There is no Toek seen in place up the steep western 
acclivity of Salisbury Craigs ; there seems little doubt, however, 
that the herbage and debris conceal strata similar to those 
which occur both at the top and bottom of the greenstone diff. 



• The rocks immedialely round the snmmit, as I shall show in a Bubsequcnt 
chapter, baye no oomiexion with the CnrboiiiforouB tnip», but belong to a much 
later geological period. (See Chap. xiii. and tig. 25.) 

t It seems di:Hirabie here, for [he sake of local connexion, to describe these intra- 
siye greenstoDes in this part uf the Memoir, although thej onght to be [tlaced. in tJ^e 
section devoted to Ihtbusits Tbavb. 
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The next bed of intrusive greenstone in ascending order is that 
which forms the semicircular mural escarpment of Salisbury 
Crags (2). Like the last, it is a compact blueish grey granular 
rock, containing carbonate of lime, prehnite, and other minerals. 
Its under surface is well shown along nearly the whole extent of 
the pathway which skirts the cliff, and on the south side some 
interesting sections are exposed (see fig. 19). Both the trap and 
the strata on which it rests become altered within a foot or two 
of the point of junction ; the sandstones are converted into a kind 
of quartzite, the shales acquire a jaspideous character, while the 
trap becomes much finer grained, and has a dull red colour.* The 
junction of the upper surface of the greenstone, with the superin- 
cumbent strata is not less interesting. It can be well studied at 
the north end of the Crags, where the beds resting on the trap 
will be found to be considerably altered, showing that the igneous 
rock has been thrust in below them, and is consequently an intrv,- 
sive trap. Further proof of this intrusive character occurs at the 
southern entrance to the Hunter's Bog, called the Hawse. There 
a seam of shale, very much hardened and broken, lies completely- 
enveloped in the greenstone, while one or two masses of smaller 
size are similarly enclosed and traversed by innumerable v^ns of 
greenstone (fig. 19). But, perhaps, the most satisfactory evidencef 
as to the intrusive character of this and the subjacent greenstone is 
be found in the fact that while along the west side of Salisbury 
Craigs, the two beds are separated by at least 700 feet of stratified 
rock, they gradually approach each other towards the east, cutting 
across these strata obliquely, until, as above mentioned, they 
become united at Samson's Ribs into one thick mass of columnar 
greenstone. In following the Radical Road round Salisbury 
Crags, the observer will notice two conspicuous greenstone dykes 
cutting through the greenstone of the cliffs ; one at the highest 
part of the crag, the other nearer the north end. The first-men- 
tioned can be traced for some distance down the eastern slope of 
the Crags. 

The third greenstone (3) in ascending series is that which fol-ms 
the iiTegular chain of knolls, called the Dasses, rising along the 
eastern side of the Hunter's Bog. It is a highly porphyritic 
greenstone, the felspar crystals on weathered surfaces being white 
and the base greenish, a feature which renders it easy of detec- 
tion on the south side of the hill where, as a prominent crag, at 
the west end of Duddingstone Loch, it re-emerges from under a 
vast mass of later volcanic material. The intrusive character of 
the Dasses is very apparent. The ridge consists of several len- 
ticular sheets of greenstone inserted irregularly among highly 
altered sandstones and shales. A short slope analogous to that 
on the west side of Salisbury Crags, and probably covering 



* This difference in texture undoubtedly arose from the cooling of the heated mass ; 
but the change of colour may possibly be something long subseqaent, and due to a 
process of oxidation extending inwards Arom the point of contact with the led 
ferruginous shales. 
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similar sedimentary rocks, rises eastward from the Dasses, and is 
surmounted by a loDg regular bed of rudely coliunnar greenstone, 
called the Long Row. 

The rock of the Long Row (4) forms the oldest of the con- 
temporaneous greenstones. It is very black, compact, approachiUg 
a basalt, with scattered crystals of angite and amygdaloidai nodulea. 
From this point upward we have an ascending series of Lower 
Carboniferous traps, the horizon of which is definitely mai-ked. 
These, however, do not embrace the whole of the rest of the 
igneous rocks of Arthur's Beat. A reference to the map will 
show that round the summit of that hill is grouped a set of ashes 
and basalts, which have no connexion with the rest, but repose 
unconformably upon them. The area embraced by these later 
rocks is well defined by the contour of the hill. It extends west- 
ward from Dunsapie Loch to the Hunter's Bog, including the 
whole of the higher part of the hill that lies between the head of 
the Dry Dam and the Queen's Drive. As this area falls to be 
described in a subsequent section it is omitted here, and the 
reader will in the meantime consider it as a great volcanic cake 
laid down upon the upturned edges of the Carboniferous series. 
I have just shown that the intrusive greenstone of the Daases 
extends below tliis cake, and re-appears on the south side. The 
same is the case with the Long Row. We find it forming the 
eastern of the two crags of Duddingston Loch, and ascending the 
slope to the Queen's Drive, where it plunges below a mass of 
volcanic conglomerate and basalt. The strata (5"i by which the 
greeUstone of the Long Row ia overlaid can be seen at two 
places, — in the section at the Queen's Drive and along the east side 
of the green valley called the Dry Dam, which extends southward 
from St. Anthony's ChapeL At the former locality -the following 
section ia visible. 

Fig. 5. 

Section on South Sm 




A is the mass of later ash covering the Carboniferous beds 
Hlieonformably, and overlaid by the basalt of tbe Lion's Haunch 
(■); (oj the sandstones, &c. below the lower greenstone, not se(!n 
at the point of section ; (») gre«nstone (^ the Daises, marked 
3 in fig. *) ; (a sandstones, && uot seen at poiut o? a&siC\OTi.-, \■*^ 
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greenstone of Long Row, 4 in fig. 4 ; (o) red oodiiiar ash, about 3 
feet ; («) red ashy Bundstone, m tliin bands, with marly partiugs ; 
(k) white cherty limestone seen in blocks above the roAdway, and 
probably overlaid by a few feet of Bandstone ; (*) green felspatbic 
aah of the Dry Dam, At the north end of the Diy Dam part ot 
these strata can be seen again, tbougli the section is much covered. 
Immediately south of the crag on which St. Anthony's Chapel 
stands we find some whitish sandstones, below wliich the upper 
surface of the Long Row has in places a markedly asliy aspect, 
while a short way above, a well-bedded gi'een felapathic a«h fijriiis 
the higher part of the slope along the east side of the valley 
immediately under the crest of ba-salt. Two faults cross the esaat 
side of this valley, the efi'ects of wJiJch are shown on the map. 
The most southerly raei-ely depresses the beils on the east side of 
the Dry Dam, and does not cross the Long Row, while the other 
cuts across valley and crag, throwing a part of the Long Row 
westward, as a detached eminence called Haggis Knowe, aoid 
depressing the basalts from the top of the eastern slope of the 
Dry Dam to the bottom. 

The ash (5 in fig. 4) of the Dry Dam is one of the most cha- 
racteristic igneous products of the hill. It has a distinctly bedded 
structure, some of the beds being even fissile, but its texture 
varies considerably in the difierent beds, and even at a short 
distance in the same bed. Some of the strata consist of an. 
agglomeration of rounded and subangular lapilli of various sizes 
up to that of a nut, with occasional larger rounded fragments, 
Othera are much finer grained, consisting of a dull grey or 
greenish felspathic paste, with rounded balls of greenstone a foot 
or less in diameter. The character of the imbedded fragments ia 
eminently trappean ; a few pieces of sandstone or hardened shale 
and occasional irregular nodules of cherty limestone may bo 
detected, but by far the greater number are pieces of greenstone, 
basalt, or i^lstone in a comminuted felspathic paste. About 
midway down the valley of the Diy Dam we find in this ashy 
series a short lenticular bed of basalt, and another bed of highly 
amygdaloidal greenstone occurs near the same spot, but higher up 
on the slope. At the lower end of the Dry Dam, on crossing to 
the north side of the larger fault, we meet with a continuation 
of the lish along the front of the cliff on which St. Anthony's 
chapel stands. It is there surmounted by basalt, and underlaid 
by a highly amygdaloidal greenstone, which itself probably rests 
upon the main mass of the aah concealed under the green slope 
to the west. This greenstone resembles that in the aah further 
south ; it contains grains of specular iron, veins of hiematite, and 
cavities filled with carbonate of lime, caleedony, &c. The ashy 
beds at St. Anthony's chapel resting upon this greenstone are 
dark, ahaly, and carbonaceous, with remains of Lower Carbo- 
niferous plants and scales of Rhizodus, &c. They thin out 
towards the north, and do not reappeai' after the greenstone 
below them and the basalt above unite. If now we cross the 
mass of later UQCODfoimable rocks forming the upper part of the 
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hill we shall find the same ash reappearing on the south side in 
the Bection at the Queen's Drive, as is shown in fig. 5. The depth 
of soil and herbage below the roadway jirevents us from tracing 
the rock downwaid towards Duddingston Loch, but as the green- 
stone below aJid above it stretch southward as far as the loch the 
aah probably does so too. 

The aah now described cannot be confounded with that which 
occurs in the upper unconformable series, and in proof of this the 
observer, after studying carefully the rocks of the Dry Dam, 
should cross the hiU, and, proceeding along the Queen's Drive 
westward from Dunaapie, examine tlie section thei-e laid open. 
The fii'st i-ock visible is the green ash just referred to, whicli 
exhibits precisely the same features aa its prolongation in the 
Dry Dam. Below this he will meet with the strata given in 
fig. 5, and at the point where the greenstone bed crosses the road 
he will observe the later ash or volcanic conglomerate wrapping 
round the truncated ends of these beds, and presenting an irre- 
giUar unstratified tumultuous aspect totally unlike the regularly 
bedded character of the older ash, 

The ash of the Dry Dam is surmounted by a bed of black 
columnar basalt (lower part of 6 in fig. 4), containing granules of 
green serpentine. It lies as a regular bed towards the south end 
of the valley, but towards St. Anthony's Chapel its position 
becomes obscured, although it reappears in the detached crag on 
which the ruin stands, and rests there on the plant-bearing shales 
described above. Above the basalt comes another having an 
amorphous aspect and a chocolate colour. This is succeeded by a 
basalt of the more regular type ; but these beds cannot be satis- 
factorily traced throughout the range of eminences which rise 
along the eastern aide of the Dry Dam. They coalesce with each 
other, more especially towards the northj where, in the steep cliff 
behind St. Anthony's chapel, the rock becomes highly amyg- 
daloidal, like the greenstones in the lower part of this aeries, 
These are not intrusive traps, they are truly contemporaneous 
sheets ejected at successive intervals over the sea-bottom during 
the Lower Carboniferous period. We can trace them southwards 
to Dunsapie, of which they form the lowei' and larger part, and 
thence down the slope to Duddington Loch. A continuation of 
the same series forma the western and lower part of the Calton 
Hill rocKs, which are separated from those of Arthur Seat by a 
powerful fault running along the valley traversed by the railway. 
Along the steep escarpment on which the Calton gaol stands, and 
on the eastern side of the roadway below the Regent's Arch, the 
lower greenstones and basalts of the Calton Hill may be seen so 
similar in aspect, and in the charactej of the rocks covering them, 
that we cannot doubt that they form a part of the Dry Dam 
series, 

The basalts and greenstones (6) which thus overlie the ash of 
the Dry Dam, and extend from Duddingston Loch to the north- 
west wde of the Calton Hill, are ST.irmounted by a group of por- 
phjritic and amygdaloidal felstonee (7), which. foYvo.fti^-t'eQiSMi&ai 
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of the eastern part of Arthur's scat from the top of Dunsapie 
across the series of knolls forming Whinny Hill to the railway 
station at St. Mai^ret's. Thuy likewise constitute nearly the 
whole of the Calton HilL Although in traversing Whinny Hill 
from went to east we pass over several alternations of rock un- 
doubtedly marking successive beds, the changes axe so gradual 
and so iri'egular that it is hardly posuible actually to map the 
varieties. At the south end, near the head of the Dry Dam, 
some of the basalts last described may be seen much altered in 
textiu'e and aspect, and gradually passing upwar<i8 into j>orphy- 
ritic felstones. A good section of the felstoues is seen at the 
north end of the hill, where they have been cut in the process of 
making the Queen's driva Some of the beds there visible are 
highly amygdaloidal, the cavities being filled with green oartfa, 
calcspar, or calcedony, but often empty. Others are more com- 
pact, and contain numerous felspar crystals and grains of specular 
iron. The highest bed seen here is that which occurs at the 
park wall south of the Gaiden of Parson's Green, and another, 
expoHure of perhaps the same bed occurs within the St. Margaxet s 
station, where the rock presents a well-glaciated surface. The 
felstone at the latter loodity deserves attention from its cloee 
resemblance to the highest visible bed on the Calton Hill. Before 
describing the structure of that hill, 1 shall here adduce the proofs 
independent of their internal agreement, that the Whinny Hil| 
of Aiihur's Seat and the Calton HiU are not independent masses 
of trap, but mxist at one time have been united. 

It cannot be denied that comparing the two hills where they 
look towards each other, they have each a truncated aspect. The 
Calton Hill plunges down steeply into the valley of the i-ail- 
way, Arthur's Seat also descends abruptly into the low ground 
to the north. In either case we find that this truncation of the 
contour does not arise from any peculiar disposition of the rocks, 
such as the bedding of greenstones among sandstones, which has 
produced the escarpment of Salisbury Crags, but that the steep 
slope in both hills cuts at nearly right angles across the bed- 
ding. Moreover, if we try to trace the felstones of Whinny Hill 
and St. Margaret's northwards, or those of the Calton Hill 
southwards, we shall discover that while in the former instance no 
evidence can be obtained, owing to the depth of drift, in the 
latter the felstones are abruptly replaced by sandstones and shales 
of the Lower Carboniferous series. This was admirably shown a. 
few years ago in cutting a deep drain down the whole length of the 
Canongate, where, with the exception of thiee or four small dykes 
of greenstone, the whole of the rock traversed was reddish sajid- 
stone and marly shales. It follows, therefore, that the Caltoa 
Hill is only part of a larger aeries, and that its southern side has 
been truncated by a fault. The missing portion is not far to 
seek ; it undoubtedly foi-ms the eastern pai-t of Arthur's Seat ; 
there is no similar mass of trap for miles around, while the two 
hills agree as closely as we can expect trappenu material to do. 
They have each a lower series of contemporaneous basalts aiid 
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greenstones, covered by a group of resembling felstone& Thoae 
felstones at the Calton Hill are separated by several ashy layers, 
which I have not detected on the eastern part of Ai'thur's Seat, 
but the latter locality furnishes no such complete sections as the 
former, and there consequently may be similar layers in some of 
the lines of green valley, between the felstone beds of Whinny 
'Hill. But even should there be none, this circumstance, as I 
shall afterwards have occasion to show, is fiilly explained by the 
markedly local character of the ash beds which occur in the 
Carboniferous series of the Lothians. 

Calton Hill— This hill, aa already stated, consists of various 
felstones with ashy interstratifications, resting on a dark angitic 
rock, and surmoimted by shales and sandstones. The following 
figure gives a detailed section of its structure along a line passing 
nearly east and west through the highest part of tlie hiU. It must 
not be supposed, however, that all the beds here enumerated are 
continuous ; on the contrary, it is impossible to trace some of the 
ashy seams for more than a few yards, and if they are so incon- 
stant here, we can readily understand how they should not 

Fig. 6. 
Sketch-Section of Calton Hill.* 




extend into Arthur's Seat. The lowest bed (1) is the angitic 
rock already referred to, which forms the escarpment at the 
gaol, and corresponds to the basalts and greenstones of St. 
Anthony's Crags; (2) green and reddish fine-grained nodular 
ash, seen behind the Calton Convening Kooms; (3) yellowish 
green earthy felstone ; (4) coarse irregular ash, full of felspathic 
bombs, seen in ascending the stairs opposite the gaol ; (6) light 
grey porphyritic felstone, becomes vesicular atop ; (6) shale, 
with rounded felspathic nodules, becomes red and ashy towards 
the east, seen on western pathway ; (6^) a small lenticular patch 
of ash on the same horizon as the last ; (7) light purplish grey 
or greenish poryphyritic felstone, crystals of felspar and specxilar 
iron are abundant ; it closely resembles 5, andtowards the top be- 
comes darker red and very vesicular ; (8) fine-grained stratified red 
felspathic marl, with rounded fragments of difierent porphyries, 
in a thin lenticular patch like 6 ; (9) strongly amygdaloidal por- 
phjTitic felstone, cavities filled with calcspar, haematite, or green 



* In this figure the engraver has taken some liberty with the architecture of 
Nelson's monument, but as an Edinburgh reader will admits Ua t«fxiSL<^:rai*^^&^^!s:^^ 
less artistic than the reality. 
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Fsrib ; the felspar crystals are very abundant iu placen, and the 
weathered surfaces highly vesicular ; (10) stratifieil red felsjuithio 
sandstone, with beds of )iard, compact ash,* which contains 
angular fragments of felstone, and are partly made of felspar 
crystals, many of which are broken and some rounded; (ll)coni- 
pact yellowish green felstone, abundantly porphyritie ; [12) 
greenish-purple, dull, felspathic ash, coDtaining nunieroUB roundei 1 
felspathic baila of every size up to 1^ foot in diameter ; this bed 
may be seen in the cliff on which Nelson's monument stands, 
descending to the roadway at the hack of tlie High School ; 
(13) light greyish-purple compact telstone, porphyritie, and with 
irregular cavities of calcspar; (14) stratiiied ash, made up of 
pinkish felstone fragments and broken ciyatab of felspar in a 
felspathic paste ; a little below on the road behind the High 
School it becomes soft and crumbly lite 12; (15) compact felstone 
concentrically stained vrith iron veinlngs. 

The general dip of these beds is easterly, but owing to the 
inequality of the hill, and partly perhaps to irregularities in the 
dip, their strike forma a wavy line from north-west to south-east. 
Some of them can easily be traced along nearly the whole length 
of the bill ; thus the ashy layer, lying irregularly in the cliff 
behind the west wing of the High School, risea westward, forms 
the bed west of the monument (10 in the section), and then crosses 
over below the Transit House to the north-western declivity, 
where it is lost below the debris. Again, the ashy bed 14, with 
the peculiarly veined felstone (15) wHch overlies it is also seen 
near the foot of the pathway ascending from Greenside Church. 
This felstone (15) should he compared with that already noticed 
at St. Margaret's station ; each forms the highest visible bed in 
its locality, and they resemble each other veiy' closely. The 
felstone (11) where displayed below the Transit House, has a 
fissure containing pieces of anthracite. Two small greenstone 
dykes traverse the traps of the Caltou Hill, one mnning east and 
west a little south of Greenside Church, the other (as I was 
informed by the late Dr. Fleming) crossing the road near a seat 
to the north-eaat of the National monument, but only seen when 
the groimd is bared of gravel. 

The felstones of Arthur's Seat form the highest of the Car- 
boniferous rocks of the hill, but their top is not visible owing to 
the depth of sand aud clay which lies along the eastern declivity. 
No rock occurs for a long way, so that the upper boundary line 
of these traps must be somewhat arbitrarily drawn. We obtain 
better evidence, however, from the ground to the east of the 
Calton Hill. The felstones can there be traeed eastward into 
the garden enclosures attached to the houses of Royal Terrace, 

* I mc this term for beds of Cmppean material, which has been ejected as dust and 
broken fragments, aod become subBcquetilly assorted in water ; bnl in the case of 
these Gallon Hill beds, as in those of the Pentlands already dtscribed, it is very 
difficult to decide which have been prodneud in this way, and wliicb have resulted 
from the abrasive force of moving water acting on bardraied lava-flows. The term 
aak cannot fairly be applied to tlie latter, imdtrap-iujf seems eqaaUjo^eotionsble. 
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while a short way beyond we find Carboniferous sandstones and 
black shales dipping east at 25°. The upper limit of the fel- 
stone, therefore, occiu-s about SO yards east from the west end of 
the Terrace. At the east end or apex of the Terraces sandstone 
was once quarried, and the rents in some of the houses are due to 
the subsiding of the rubbish cast into the old quarry holes * 

CraiglocMMrt Hill. — This eminence lies about 3 miles south- 
west of Edinburgh, and has been already mentioned as probably 
contemporaneoiia with the ashes and basalts of Galton Hill and 
Arthur's Seat, on the other side of the great anticlinal axis of 
the Pentlanda. Its structure is veiy simple. The lowest bed or 
series of beds consists of yellowish green felspathic ash, containing 
in some places crystals of augite and pebbles of quartz, and occa- 
sionally enclosing large angular blocks of sandstone and quartz 
rock. The upper bed is a dai'k amygdaloidal columnar green- 
stone, the whole dipping W. by N. below sandstones and shales, 
the angle of which is 30°. The north-east end of the hill must be 
skirted by a fault, since the ash ia abruptly truncated there, and 
replaced by sandstone in the parks about Craig House, the sand- 
stone in an old quarry dipping nearly north at 33°. 



CHAPTER V. 

Ijower Cahboniperous Series between the Arthttr's Seat 
Qboup and the Carboniferous Limestonk 
The geology of the region west of the Pentlnnd axis is one of 
the most complicated in central Scotland. The strata, though 
forming on the whole an ascending series from east to west, 
present a most irregular and contorted aspect when traced into 
details. The whole area from the Pentlands to the Bathgate 
Hills and Linlithgow consists of an almost hoplessly confused 
assemblage of anticlines and synclines, whereby the cai'boniferous 
series is thrown into endless irregular undulations. Moreover, 
&ultH abound and huge masses of intrusive trap intersect the dis- 
trict in every direction, while to complete the difficulties drift 
clay and sand cover deeply most of the lower grounds, and even 
rise to some height along the eastern flanks of the crags and hills. 
These features aie best exhibited on the map in the space between 
Queensferry and the Bathgate Hills, the outcrop of the Houston 
coal and the Queensferry limestone forming traceable lines by 
which the curvatures of the district can be dearly shown. 

The trappean rocks of Arthur's Seat and Calton HiE, as shown 
in the preceding chapter, are overlaid by a series of sandstone 
bands with interstratified dark shales. The lower part of this 
series is visible in places on the east side of Calton Hill, at the 

• This fact was communicated Ui me by the iaie Mr. Mc»ua&<£t "Vjaat, Vpit 
kqonQ m Edinburgh u a cuefitl uad «X£en«ace& iiu&et:i^i^&. 
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back of Royal Terrace. From the enclosed character of the 
ground, and the depth of drift to the north and east, no adequate 
sections can be obtained. Hence we cannot satisfectorily dove- 
tail these sandstone and shales with the undoubtedly higher 
shales of Wardie, though from the evidence at present existing 
it seems probable that the Wardie beds will be found between 
the Calton Hill and Lochend, with an easterly dip, and that they 
consequently graduate downward at no great distance into the 
Royal Terrace beds. If this supposition be correct, we may con- 
nect the sandstones of Lochend, the Black Rocks, and Granton 
as parts of one series arching round the northern termination of 
the anticlinal axis of the Pentlands. Some confirmation of these 
views is obtained by tracing the Wardie shales southwards by the 
Water of Leith to Slateford, and thence to the fault at Colinton. 
Above Katesmill they begin to be underlaid by bands of sand- 
stone, shale, and fine conglomerates, very similar to the strata in 
the sections behind Royal Terrace. The lowest beds visible are 
the highly inclined plant-bearing sandstones of Colinton, which 
are thrown down apparently by the long Castle fault against a 
lower part of the series. South-west of this point, although the 
undulations are almost without end, and th6 shales re-appear in 
the channel of the stream overlaid by a thick sandstone series, I 
do not think we have the Royal Terrace and Katesmill beds 
again repeated to the west. Notwithstanding the frequent cur- 
vatures, the series, as we proceed west, slowly ascends, until at 
Baad's Mill, Bathgate, and Linlithgow, we come to the lower beds 
of the Carboniferous limestone. 

Wardie Shales. — The shales of Wardie (or Newhaven), a vil- 
lage on the Forth, about 2 miles north-west of Edinburgh, 
have long been known to the palaeontologist as one of the earliest 
searched localities for icthyolites in Scotland. Agassiz enume- 
rates six species found here, and some of them were generically 
new to that naturalist. 

The following is Agassiz's list : — 
Amblypterus nemopterus. 



A. punctatus. 
A, striatum. 



Eurynotus fimbriatus. 
Palaoniseus carinatus, 
Acanthodes sulcatus,* 

They occur in oblong flattened nodules of clay ironstone, which 
also contain coprolites, plants, and septarian veinings of carbonate 
of lime. There are also shells of the generaAnthracomyaf BJidAna- 
tma, with Li/ngula squamiformis. The shales are dark grey or 
black, hard and sandy in some layers, soft and argillaceous in 
others. Many of the partings when laid open display a confused 
assemblage of fern-fronds (Sphenopteris), grass-like stems, Lepi- 
dostrohiy and fragments of Lepidodendron, CaZa/mites, fcaf The 
undulations of these strata, their faulting, the details of their 
stratification, and their fossil contents, can be admirably studied 
along the shore. 

♦ To these must be added Rhizodus Hibherti. 

f At Slateford thej contain a beantifal new ftrn of the genus Adiantitea, of which 
odIj one specimen eziftSy ibnnd bj Bfr. Bichard Gibbs. 
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The Wardie shales can easily be traced for 6 or 7 miles south- 
ward. After leaving the sea they take a persistenf westerly dip, 
and are next seen in the channel of the Water of Leith at 
Stockbridge, while a lower part of the group occurs in the sec- 
tion at the Edinburgh Station of the Caledonian Eailway. They 
again appear at Slateford, still retaining their westerly inclina- 
tion, and abounding in plants, coprolites, and fish remains. From 
this point they continue up the stream which flows nearly along 
their strike, till at Katesnull, owing to a southward curve of the 
channel, the lower strata alone are seen. Between Juniper 
Green and Kenleith they again appear, and pass below a set of 
yeUow and white sandstones, occupying the lower part of Ken- 
leith Bum. Another synclinal curve above Currie brings the 
shales up once more, but in their south-western course they 
gradually lose the massive homogeneous character which marks 
them at Wardie and Slateford. Instead of consisting almost 
wholly of shales the series by degrees becomes more and more 
split up by intercalations of sandstone. Hard cherty limestone 
bands also become more numerous. These changes go on until 
towards the Cairn Hills shale almost disappears, and the whole 
of this part of the Lower Carboniferous series passes into a set of 
variously stratified sandstones. 

Limestones in Lower Carboniferous. — The limestones in the 
middle and lower part of the Lower Carboniferous series appear 
to be very local in character. They are sufliciently abimdant, 
however, to deserve attention, and fully justified Mr. Maclaren 
in classing the mass of strata between the Carboniferous Lime- 
stone and the Old Red Sandstone as " Calciferous Sandstones.'' 
They occur as bands varying from a few inches to several feet in 
thickness, and have a compact, cherty, sometimes brecciated 
texture ; but, so far as I have observed, without fossils. They 
may be seen in the section at the Edinburgh Station of the 
Caledonian Railway, in several places along the course of the 
Water of Leith, as at Currie and Lymphoy, in Balerno Bum, 
near the bottom of Cock Bum, where at least five seams may be 
counted close together, and in other localities. 

Oranton cmd Craigleitk Sandstones, — Above the Wardie 
shales comes a vast series of yellow and white thick-bedded sand- 
stones with occasional partings of shale. They are well shown 
on the shore between Granton and Queensferry, and have been 
largely quarried at Granton, as well as inland at Craigleith, Redhall, 
Hailes, and Humbie. Each of these quarries furnishes an ample 
field wherein the beginner may study the stratification of rock- 
masses, and a few hours spent attentively there will probably 
teach him more than he could learn from whole pages of 
description. 

In quarrying these sandstones there are two chief kinds re- 
garded as valuable for architectural purposes. One occurs in 
thick beds without any, or with only a slight trace of stratifica- 
tion in the body of the stone, which is then called Uver-rock. Lt» 
can be removed in blocks of almost any ^^^ Sa ^\3i^e,^\KS^^ ^^ ^ 
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good polish, and is used for tho ashlar-work and carvings of 
houses and pilblic buildings. The other kind lies in well-marked 
beds, often with coaly partings between, and is removed in 
smaller blocks for rubble-work, stone-dykes &a 

This sandstone series abounds with the remains of plants 
usually defaced and fragmentary, indicating a protracted macera- 
tion before final entombment in the sandy sediment. Occasionally, 
however, well-preserved specimens occur, as of Lepidodendron 
degans at Redhall, and Sphenopteris affi/ais at Granton. Xarge 
trunks of coniferous trees have also been met with at Qranton 
and Craigleith.* 

The Granton and Craigleith sandstones follow the same general 
course as that of the Wardie shales, but the similarity of all the 
parts of the series to each other renders it difficult, if not im- 
possible, to map them except in a very geueral way. We know 
that they overlie the Wardie Shales, and that in many undula- 
tions they occupy the wide area between Granton and Dalmeny 
southward to the foot of the two Cairn Hills, and thence into 
Lanarkshire. But towards the south, owing to the thinning away 
of the Wardie Shales, they seem to pass down insensibly into the 
thick sandstones of the Cairn Hills, while their upper limit from 
the drifty nature of the ground can only be approximately 
reached. 

Igneous Rocks contetrypora/neous with the Granton Samdr- 
stones, — This series is traversed in many places by masses of 
greenstone, such as Mons Hill, Corstorpliin Hill, Katho Hill, and 
Dalmahoy Crags, but as most of these must be regarded, for the 
present at least, as intrusive, they will be described in a separate 
chapter. But besides these there are trappean rocks undoubtedly 
contemporaneous with the strata among which they occur, show- 
ing that the deposition of the middle portion of the Lower Car- 
boniferous series of the Lotbians was accompanied by occasional 
volcanic eruptions ; of these the first trace, after the quiescence 
of the Arthur s Seat area, occurs among the sandstones on the 
shore west of Granton, near Broomfield House, in the form of a 
pale sandy felspathic ash with white felspathic and irregular 
fragments of hardened shale. It was quarried behind Laurieston 
Cottage, but the openings are now filled up. Another and much 
more important trappean mass belongiag to a later part of the 
same series forms the long ridge called Corston Hill, 3 miles 
south-west of Kirknewton. It consists chiefly of a dark coloured 
compact felstone, almost approaching a basalt in places, disposed 
in the form of an irregular bed, which dips southwards. Where 
traversed by the Caledonian Railway several ashy interstratijBca- 
tions occur containing numerous fragments of different porphyritic 
felstones, some of which very closely resemble certain of Lhe 
porphyries of the Pentlards. it deserves to be remarked that 
this gieat trappean bed (for it reaches a length of fully 3 miles. 



* These were noticed many years ago, and an account of their internal slructure 
published by Mr. Witham. Seel^oes, Yeg., p. 23 et seq. Plates It. y. vi andvii., 1835. 
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and a breadth of 1 at the thickest part) is tlie only Carboniferoua J 
felstone in this area later than the Arthur's Seat aeries. Wifli j 
this single exception all the lava-form trajie above that series J 
belong to the augitic family, but they do not appear to havei 
conunenced unt'^ after the ejection of Ooreton Hill. The ordai 
of appearance in Mid Lothian and West Lothian is, therefore, i 
follows : — Felstones in great variety and to an enormous ext^. 
during the Old Red Sandstone ; greenstones and basalts, and thei 
felstones to a limited amount, at Arthur's Seat and neighbourhoot 
during the older part of the Lower Carbonilerous series ; felstond 
again at one locality during the middle portion of that serieM 
and after that all greenstone and l)a.sa]t vigorously in LijJithgow3 
shire throughout the rest of the Carboniferous period, as far a' 
least as the close of the cai-boniferous limestone. 

When the Granton and Craigleith Sandstone series was draT<d 
ing to a close, and possibly during the ejection of the lava 0) 
Coraton HiU, the igneous forces began to show themselves ovei 
the area of Linlithgowshire, where eventually they played ani 
important part. The first eruption, at least the earliest of which 
I have obtained any trace, is a green, fine-grained, felspathic ash. 
It can be seen in at least two places where the undiilations, so 
frequent throughout the eastern fmrt of this country, have brought 
it to the surface. Of these one is the rounded eminence called 
Tor Hill behind the village of Ecclesraachan; the other lies at 
the south end of Binny Craig. Keference to the map will show 
that the aah of Tor Hill forma the end of an anticlinal axis, from 
which dip away on every side but the north, shales of the Queens- 
ferry (Burdie House) Limestone Group. The rock is a dull, yel- 
lowish or greenish-grey, brecciated, felspathic ash, consisting of 
green, angular, felspathic fragments, which contain rounded grains 
of quartz, and are imbedded along with rounded pebbles of cherty 
limestone in a dull gi'ey felapatho-calcareous paste. The quarry 
on the east side of the hill shows angular fragments of yellow baked 
shale, and balls of different traps. The Binny Craig ash lies 
about a mile and a half to the south-west of Tor Hill, of the rock 
of which it is probably a prolongation. Ten miles southwai'ds, 
near Harbum Tile Works, another ashbed occurs, along with two 
thin seams of coal ; but the structure of that district is very 
obscure, and I have not been able to determine whether these 
strata may not belong to the horizon of the Houston Coal (to be 
immediately described) a part of the Lower Carboniferous series 
considerably higher tban that of the ash at Tor H'H. Wliilst 
mapping the mossy coanfcry between West Calder and the Cairn 
Hiila southwards into the borders of Lanarkshire, the Lower 
Carboniferous series as a whole, I conjectured, must be thinning 
towards the south-west; but the dator obtainable were too few 
to warrant any positive conclusion. Subsequent investigations 
in Lanarkshire, however, have confirmed the inference then drawn, 
for in a space of about 1 o miles the whole of the enormous Lower 
Carboniferous series of the Lothians dies off, and the Carboniferoua 
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limestone comes to rest directly and nnconformablj upon the 
Lower Old Red Sandstone.* 

Lower Ca/rhoniferoua Rocks of Forth Islands and part of Fife 
Coast. — Before noticing the next stratum of im{)ortance in as- 
cending order, the Burdie House or Queensferry limestone^ it is 
necessary to glance at the development alonp part of the Fife 
coast and in one or two of the islands in the Virth, of the strata 
now described. The details of that coast line, of which so small 
a portion is embraced in the present sheet, are so intimately con- 
nected with a proper understanding of the geologj'' of the interior 
of the country that they will be more appropriately discussed in 
the Memoir to accompany Sheet 40. The strata underlying the 
Burntisland (Burdie House or Queensferry) limestone are sand- 
stones and shales equivalent to those already described on the 
shore at Queensferry. They are seen between Aberdour and 
Burntisland with ash beds and involved greenstones. 

The island of Inchkeith affords an admirable series of sections 
of the cypris-bearing shales and limestones immediately below (if 
not on the horizon of) the Burdie House limestone. They are 
intercalated among greenstones and ashy beds, and this union of 
harder and softer rocks has given rise to the singularly diversified 
contour of the island, the greenstones running out as long ree& 
and ledges while the sedimentary rocks have been worn into 
narrow inlets and sandy bays. The bedded character of the 
island, traps alternating with sandstones and shales, is sufficiently 
indicated on the map, though of course on such a small scale, 
only the more important beds can be shown. The subjoined 
section, however, taken at right angles to the dip through the 
north end will better illustrate its detailed structure. The 

Fig. 7. 
Sketch-Section op Inchkeith (North End). 
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lowest greenstone (a) forms part of a set of low skerries on the 
west side of the island, covered at high-water mark — the evident 
fragments of other greenstone beds to the west. The intercala- 
tion (6) consists of rippled carbonaceous sandstones and shales 
dipping below the greenstone of the cliff at 40°. The greenstone 
(c) is soft earthy strongly amygdaloidal, and southwards, on the 
face of the " Cawcans " cliff, well columned. Towards its base it 
has involved some masses of sandstone and shale (6^), and one 
bed not so contorted as those below contains Cyprides in 
abundance. This greenstone is covered by (d) beds of white 

* See Quart. Journ, Geol. Soc., vol. xvi. p. 319. 
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grey and greenish cherty and brecciated limestone, with inter- 
vening seams of red and greenish friable marly shales. A soft 
green, strongly amygdaloidal greenstone (e) supervenes, covered 
by a comparatively thick series of sedimentary beds (/) highly 
inclined. They consist of limestones, shales, and sandstones, like 
those below, but include also a thin lenticular bed of green fine- 
grained felspathic ash, seen on the shore between high and low 
water mark. The greenstone (g) which covers them shows at the 
bay called Kinghorn Harbour, another lenticular bed of ashy 
conglomerate and a little higher up some seams of shale with 
Spirorbis carbonarius, but these thin out rapidly to south. Grey 
micaceous sandstones with some shale (h) next occur. They can 
be traced southward along the west front of the island, where 
they contain some limestone bands, but their termination becomes 
involved and entangled among greenstone. The next greenstone 
(i) forms the most northerly point of Inchkeith and runs out to 
sea as the sharp promontory called the East SteU. Thence it 
swells out southward forming the main ridge of the island and 
continuing to the southern point called the Long Craig. The 
green marly shales and nodular limestones (j), owing to the thin- 
ning away of the greenstone (k) to the south, unite with similar 
beds (Z), and extend along the whole of the eastern shore. 
Further south than the point which the section crosses they con- 
tain a seam of felspathic ash and a layer of coal 3 or 4 inches 
thick. The next greenstone bed (m) has been much abraded by 
the sea, and forms a line of singularly picturesque skerries, lis 
upper surface about the middle of the coast-line has a rough 
shaggy, scoriaceous appearance, balls and fragments of amygda- 
loidal greenstone being there wrapped in a green concentric paste. 
The thin shaly partings (n) and (p) are almost wholly concealed 
by the d^ris and by the waves. Where I saw the first (n) they 
consisted of a flinty limestone and some black shales, the whole 
being only 3 or 4 feet thick. The other interstratification (p) 
was wholly shale. The greenstone (o) resembles that last de- 
scribed, but is occasionally columnar. The last greenstone of the 
series (q) I merely saw, as the waves of the turned tide were 
dashing over it. 

That some at least of these trap-rocks are contemporaneous 
.with their associated strata I have little doubt, the ashy layers 
suflSciently proving the existence of volcanic ejections at the time. 
The greenstone (m) at once recalls the slaggy character of the 
upper surface of a lava-flow. It is true that some of the traps 
unite (c and e for example), and the sedimentary partings disap- 
pear; but the strata are nowhere much altered, save when 
actually involved in the trap (as in c). 

I may include here a notice of the other islands of the Forth. 
Inch Colm consists of intrusive greenstone among sandstones, 
shales, and thin limestones. These strata are probably not far 
from the horizon of those on InchkeitL The structure of the 
island will be best understood from the accompanying sketch.- 
section (flg. 8). It is taken along th^ leii^\\ oS. \Xi<5iS2S^sisA«5^ 
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^ Fig. 8. 

Sketch-Section of Inch Colm. 
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across the bay on the south side of the abbey. The greenstone 
(g) of the south-west limb of the island incloses a band of shales 
and shaly limestones (a) all considerably hardened. This part of 
the island has a westerly d«p, so that the flinty limestone and 
shales (I) and the hardened sandstones {s a) on the west side of 
the south bay are repeated on the east side where the dip changes 
to an easterly dejection. There are some interesting anticlinal 
foldings of the same strata on the shore, which will be described 
in the Memoir of Fife. 

Another island called the Carcraig, about half a mile to the 
north-east of Inch Colm, consists of greenstone dipping east by 
north at 20^, and resting on sandy shales and limestones contain- 
ing MyaZina, A thin bed of greenstone lies intercalated among 
these strata. 

The other islands marked on the present Sheet all consist solely 
of greenstone or basalt, and do not call for any special remark. 
Before retunoing to the strata on the south side of the Firth, I 
may state here again that the Fife coast is reserved for description 
in a separate Memoir, and will only be incidentally referred to in 
the following pages. 

Burdie House or Queensferry Limestone. — After passing 
upward through the great sandBtone series of Granton and 
Dalmeny, we come to a well marked zone of limestone and shale. 
It was first studied at Bin-die House, about four miles south of 
Edinburgh, where the limestone yielded to the late Dr. Hibbert 
the remains of a remarkable series of ganoid fishes. His interest- 
ing memoir* soon brought the locality into notice, and the Burdie 
House Limestone has since found a place in almost every elemen- 
tary manual. Although the set of strata now to be described is 
called a limestone group, it must not be supposed that, as in the 
case of the carboniferous limestones above, there are any bands 
of limestone persistent over wide areas. On the contrary, nothing 
can be more variable than the thickness and lithological character 
of this group. In some places i j contains one single bed of lime- 
stone 40 to 70 feet thick, while at no great distance this mass 
entirely disappears, and is represented by thin calcareous shales. 
I shall first describe this series as it appears at Burdie House, 
where it was originally studied and then trace its course through- 
out the district to the west of the Pentland Hills. 

The limestone of Burdie House attains a thickness of 27 feet. 
It has a duU yellowish or blueish grey colour, and, in certain 



* Trans. Roy. Soc. Edinb., vol. xiiL 
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strata, a finely striped appearance, owing to the greater or less 
amount of carbonaceous matter in the layers, It is compact, 
sparingly crystalline in some bands, and occasionally contains 
thin laminte of coaly matter, which impart a fissile structure. 
The following organic remains have been found here ; — * 



Fossils ofBurdie House Limestone. 


Spkenopteris affittU. 




S. bifida. 


Ctetiopfyehius denticulatui. 


S. crassa. 


C. pectimtus. 




Gyracanthus formosus. 




Ptychacanthus sublmms. 


I^idostrabus comosus. 


Sphenacanthus serrulatits. 


L.omam. 


Oadodus Hihberti. 




C. parvus. 


Cyperitea Incarinala. 


Diplodus minutus. 


Catamites. 


Ehizodus [ffoloplychiusl 


SigUlaria. 


Hibberti. 


Stigmaria. 


Dronemus lobatus. 


Cardiocarpon actttum. 


Megalickthys Hihberti. 


Cypris Scoto-Burduj/tlensis, 


Paleeoniscus amaHasimvs. 


Hib. 


P. RobUom. 


Cypridina rDaphnoidia'j 


P. slriolatus. 


Hibberti. 


Eurynotiis crenatus. 


AHfkracosia[U>iio2n>tci- 


Pyyopteris Bucklandi. 


formis. 


P. Jamesoiii. 



Some of the shales above the limestone are worthy of note 
from the abundance of their fossil contents. One thin band of 
shale in particular consists mainly of cypria-cases, which impact 
to it a fissile atnicture. 

South of Eurdie House the limestone ceases to be traceabl^J 
owing to the depth of the covering of drift. In several of tli^ 
streams which descend fi-om the Pentland Hills, however, blocks^ 
of it can be seen, indicating its probable continuity southwards ; 
find at Carlops, 10 miles south of Burdie House, it is found 
among the vertical strata in the river Esk, but as two beds, 4 
and 5 feet thick respectively. Its prolongation noiih of Burdie 
House is wholly uncertain ; probably it is cut out by the great 
fault which, running by Liberton to Portobello, brings down the 
Mountain Limestone and overlying Coal-measure almost vertically 
against the bottom beds of the Carboniferous group. 'i"he thick- 
ness of the rock at Burdie House is probably exceptional, the 
rock there seeming to have been formed in a hollow or lagoon, 
wliieh shallowed southwards — a supposition rendered probable J 
from the appearances presented by the rocks of Linlithgowshire. 

In that county there occurs, sometimes fully 1,000 feet beloitr^ 
the moimtain limestone, a seam of grey compact stratified lime- 
stone, averaging about 9 feet thick. In colour, texture, and 
fossils it corresponds closely with the rock of Burdie House, of 
which, indeed, there can be no doul)t that it is the equivalent. _ 



" Ilibberl, ioc. cit 
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AloDg the shore, between Qaeensferry and Midhope Glen, the 
beds undergo fmiuent revenials of «lip, and the limestaney 
with it8 associated shales and sandstone, can be seen crussing the 
beach five times. There it has the usual textunr. but as ure trace 
it inland it gradually becomes more argillaceous, splits op into 
thin layers, and passes finally into culcareous sliales, with little 
resemblance to the limestone, except that they contain the same 
fossils. Still further to the S'juth the rock regains its puritv, and 
has been extensively worked at Dechniont. but to the sootli-east 
of tliat district it again becomes shaly and argillaceous^ till it 
takes the form of fissile grey shales, whose identity with the 
limestone of Burdie House could hardly at first sight be suspected. 
Beyond this it re-aasumes its t\'picsd character, and at Midcalder 
and Murieston occurs in great basin-sLaped cavities 40 to 70 feet 
deep. At the Midcalder quarries it exactly resembles some parts 
of the rock at Burdie House, being fiiU of plants, especially of 
Uti/jfnaria^ which spread out their long roots in regular laj^ers, 
with the rootlets branching freely in all directions, as if, when 
the limestone existed as soil calcareous mud, the plants grew 
upon the spot where we now find their remains. From these 
rlifierent facts it appears that the Burdie House limestone was 
formed very slowly^ probably in brackish water, across a aeries 
of lagoon-Uke depressions, separated from each other by mnddy 
shoals; that in these hollows cyprides and ganoidal fishes 
abounded, while even the larger placoids became occasional 
visitors ; and that in some localities there rose up from the mnddy 
bottom a thick growth of marshy plants.* 

Strata between the Burdie House gi^oup and the Carbonifennis 
Limestone. — At Burdie House there supervenes a thickness of 
about 800 feet of sandstone and shale between the limestone now 
described and that of Gilmerton, which latter belongs to the Car- 
boniferous Limestone series. Along the east side of the Pentlauds 
neither this, nor indeed any portion of the Lower Carboniferous 
rocks, can be traced out satisfactorily. The great fstult, as we 
have seen, throws them on end, and the country is, moreover, 
deeply covered with the drifk-sand and clay which gathered 
under the lee of the hills. The sections, therefore, where the beds 
above the Burdie House limestone can be seen are few and wide 
apart. Nor, indeed, do they present featiu^s of much interest ; 
shales and sandstone are visible in the stream above Stenhousey 
again on the road, and in the qu^uries between Straiten and 
Loanhead, and in Driden Vale, whence, for a long way south- 
wards, deep drift obscures the country, but at Nine-mile Bum, 
and still better on the Esk, below Carlops, sections are again 
obtained of the same sandstones and shales. 

The development of the same series on the west side of the 
Pentlands, though more complicated by anticlinal and synclinal 

* The above outline of the Bardie House limestone gronp is the same as that wliicli 
I prepared for the '' Descriptiye Catalogue of Kock Specimens," in the Jermyn Street 
Museum. Duplicate specimens were collected for Edinburgh, where they now lie 
in boxes until space is afforded for their exhibition. 
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flexure3, can be much more satisfactorily worked out. An addi- 
tional feature of iuterest likewiae ocgutb iu that area iu the 
increasing number and variety of the igneoua raasses. From 
thjH point in the ascending series, while volcanic action during 
the Carbomferoua period ceased wholly in Edinburghshire, it went 
on gaining in intensity in Linlithgowshire. 

If a distinguishing name were to be given to the series of 
strata which in the latter county intervenes between the lime- 
stone of Queenaferry and the Carboniferous Limestone of the 
Bathgate Hillsj that of the " Binny Sandstone Group " might be 
adopted. We are presented with two great zones of sandstone : 
an under one, extensively quarried at Binny, and an upper one 
at Kingscavel, east of Linlithgow, Between these two zonea 
there lies a dehateable band of sandy shales and shaly sandstone, 
where the characteristic stratum is a seam of coal known as the 
" Houston coaL" Throughout this series ash and greenstone 
everywhere show themselves, while the whole imdulates again 
and again, throwing the beds into almost endless basins and 
saddle-backs. In no part of the district can the lower part of 
this aeries he so well observed as along the Queensieny shore, 
westwards to Midhope Glen. The frequent ehimges of dip there 
visible bring up the beds several times in succession, and enable 
us to mark how i"apid are sometimes the changes wliich a stra- 
tum may undergo in ita lithologlcal ehai-acter over even a very 
limited areat 

The lower zone of sandstones, of which these Queenaferry beds 
form the under portion, resting directly on the limestone and its 
shales, cannot be seen to greater advantage than in the great 
quari'ies of Binny near the village of Ecclesmachan. The finer 
kind of sandstone or " liver-rock " forms a building atone of the 
finest quaUty, and can be quarried in large amorphous blocks. 
Some of the public buildings in Edinburgh, such as the Scott 
Monument, are built of this stona In the north-west quarry 
petrolexun is found in irregular flakes and lumps, coating the 
surfaces of the joints. Some further facts relative to the occur- 
rence of that substance in rocks of this district will be given in 
the section upon Intrusive Igneous Kocka. The range of the 
Binny sandstone will be best followed by marking the outcrop of 
the Houston coal, by which it is overlaid. 

The Houston coal and its associated strata are well shown in 
the deep cuttings of the Edinbui'gh and Glasgow Railway at 
Oraigton. The subjoined table represents the section there 
visible. 

Detailed Section of the Houston Coal and ita associated Strata, in 
the Cutting of the Edinburgh and Glasgow Eailway at Craigton. 

ft. ra. 
Soft shale, with balls and bands of impure limestone. 
Hard blue calcareous shale - - - - 3 

Hard blue shale, with numerous lenticular seams of iron 
pyritea - - - - - -12 
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Coal (hero altered by a mass of grecnstono into a kind 
of anthracite) ..... 

Shale 

Pyritous clay-ironstone, shaly below 

Black shale ...... 

Pyritous clay-ironstone .... 

Ilard black shale, sandy and pyritous - 

Pyritous ironstone ..... 

Hard dark blue calcareous shale ... 

" Cement stone," a very liard compact calcareous 
ironstone ...... 

" Houston coal " - - - 1 foot to 

Black shale ...... 

Hard ferruginous sandy parting ... 

Black shale -.---. 

Hardy sandy " cement stone " - 

Shale parting ----.. 

Hard blue " cement stone " - - - - 

Coal 

Hard black shale . . - . - 

Soft black shale ..... 

Altered coal --.-.. 

Hard shale ...... 

Blue shale, with nodules of clay ironstone - 3 feet to 

Shaly carbonaceous sandstone, passing down into the 
Binny sandstones. 

In the pit on the south side of the railway two seams of 
coal were found: a *^ smithy "' or caking coal, 10 or 11 inches 
thick, and a " household "" coal from 2 to 3 feet, the two seams 
being separated by from 4 to 5 feet of dull shale, with a band 
of coarse limestone, which passes into clay ironstone. In the 
workings at Hillend, two miles south of Craigton, the upper 
seam reaches a thickness of 2 feet 4 inches, the under one 12 to 
15 inches, there being here also an intervening band of shale 15 
inches to 3 feet thick, with the same intercalated parting of 
ironstone or limestone. Where the shale is thinnest the coal 
becomes thickest, and vice versa. In the pits around West 
Binny, the coal is said to have been s?x feet thick. Southwards, 
on the banks of the Breich Water, the " Houston coal " can be 
seen, and also another seam, which occurs a considerable way- 
above it. With this exception, the coal appears to be confined to 
one well-defined horizon throughout Linlithgowshire. 

The crop of the Houston coal can be traced with considerable 
acciu'acy over a large part of the eastern half of this county, but 
the depth of drift and the want of natural sections make some por- 
tions of its course uncertain. Where not itself visible, its position 
is nevertheless frequently shown by the outcrop of certain green 
and red marly shales, which occur a little higher in the series. 
It begins at the coast, near the mouth of Midhope Bum (where, 
however, its crop is not visible) ; thence, following the line of the 
stream, it passes through the grounds of Philpston, having been 
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found in a well near the house. It probably runs westward to 
beyond Park, where it was cut through in making the bridge 
and canal. The fault which has severed -the ash-bed of Pilgrim's 
Hill must likewise tlirow the coal back into the grounds of 
Champfleurie, where it is said to have been found in boring. 
From Champfleurie it stretches southwards to Ochiltree, where 
at one time it was mined to a considerable extent. The records 
of these workings appear to have been lost. The sinuous crop 
round the greenstone eminence of Peace Knowe, is succeeded by 
a straighter line, running weat of south by West Binuy, where 
the line of old crop pits can be distinctly traced across the fields. 
At Drumcrosahall, on the same southerly outcrop, it was once 
worked, and in some bores put down a few years ago on the 
south-west part of the property, the coal was found to have a 
thickness of 6 feet. From this point its course becomes ob- 
scured by the drift and peat which cover the great valley east of 
Bathgate, hut we again find it at Seafleld, the marls which 
cover the coal on the Almond south of Blackbuni House, and 
the seam itself on the Breich Water above Westwood. It runs 
southwards to Blackbrae, but after this it ceases to be visible 
throughout the peaty ground round Cobinshaw Reservoir, unless 
the thin aeama, previously referred to, at Harbum Tile Works 
be representative of the Houston coal. 

The line of outcrop just described ia that of the coal where it 
dips finally westward below the sandstones that underlie the 
Carboniferous Limestone ; but east of thia line the anticlinal 
folds of the strata have brought down the coal again and again in 
detached and often very irregular basins. Of these the most 
northerly, as shown on the map, is that which nms from near 
Duddingston south-westward to Little Ochiltree, and thence south 
by east between Binny Craig and the village of Ecclesmachiin. 
Another but much smaller basin occurs at Hillend, about a mile 
north-east of that village, and the coal is there worked at present. 
Beyond thia, a few hundred yards to the north-east, the seam is 
thrown in again, one side of the basin having been worked from 
the canal at Winchburgh to near Lampinsdub, while the other 
side, owing to the fault which traverses the hasin, haa never been 
found. South of the Hillend workings another basin has been 
worked, the hue of pits being still discernible, while stiU further 
south, between the two greenstone ridgea of Pyothall and New- 
bigging. the coal has been mined to some extent. The anti- 
clinal axia of Dechmont, by bringing up the Queenaferry lime- 
stone on either side, has produced another basin of the Houston 
coal, though, owing to the obscured nature of the surface and the 
paucity of sectiona, the line of outcrop cannot be continuously 
followed. It is well known at Houston, whence it stretches 
southwards to Livingston with an easterly dip ; it is said to have 
been worked also in the farm of City, but along the east side of 
this basin I have not been able to find any trace of it. The sub- 
joined section shows the geological structure of this district. 
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remains of a sheet of the 
ash. Passing southwards 



The peculiar red and green mmrly 
shales which occur a short way abore 
the Houston coal are well exhibited 
in the railway cuttings at Craigtoiiy 
also in the Mains Bum, aboat a mile 
west of Binny Craig, in the Eodea^ 
machan Bum below Oatridge, in the 
river Almond south of Blackbum 
House, in the Breich Water at Breidi 
dyke, and in other localities. Above 
these shales lies a great series of white 
sandstones, similar in general charao^ 
ter to those which underlie the coaL 
Along with some minor alternations 
of dark shale containing plants th^ 
occupy the remainder of the Lower 
Carboniferous series up to the base of 
the marine limestone. They are best 
seen in the lar^ quarries > KiBg.. 
cavel, east of the town of linhtbgow, 
but may be traced across the county 
from the sea at Blackness to the Brei<ui 
Water. Their chief feature of interest 
is the great number and variety of 
their interbedded igneous rocks. Before 
passing on, therefore, to notice the Car- 
boniferous Limestone, I shall briefly 
enimierate the more important masses 
of contemporaneous trap between that 
limestone and the limestone of Queens- 
ferry. 

OoTvtempora/neous Igneous Racks 6«- 
tween the Oranton Sandstone Series 
a/ad the Carboniferous Limestone. — 
Reference has already been made to 
one or two exposures of a fine-grained 
felspathic ash below the Queensferry 
limestone, indicating the commenoe* 
ment of a trappean series. After the 
deposition of that calcareous seam shod* 
lar ejections of volcanic material took 
place, and gradually on a more ex- 
tended scale. Of this we have abun- 
dant evidence in the sandstone series 
above described as overlying the lime- 
stone. Beginning on the shore west of 
Queensferry, in the centre of one of the 
synclinal troughs we find the denuded 
usual fine-grained greenish felspathio 
to Niddry Castle a similar rock^ also 
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above the limestone, is admirably displayed in the cuttings of 
the Edinburgh and Glasgow Eailway. It occurs likewise on the 
river Almond below Newliston, six miles westward in the wood 
south of West Binny, and about two miles south of the latter 
locality, close to Dechmont House. The character of this ash 
varies considerably at each of these localities, and though in a 
general way the rock occupies the same horizon in all, yet it 
may not improbably be the product of different eruptions. At 
Nidiry it is of a duU green or grey colour, made up of small 
lapi_li in a dull granular or compact felspathic paste. These 
lapilli are chiefly felspathic, angular, and sub-angular, of a light 
grey or green colour, and contain minute ciystals of carbonate of 
lime, quartz granules, and angular specks of black shale and 
occasional grains of carbonate of copper seen on a weathered sur- 
face. Large masses of shale and ironstone occur in the ash, some- 
times in alternate layers, as if deposited in hollows of the ash, 
but frequently imbedded vertically. One mass of the former 
kiud on the pouth side of the railway cutting measures 36 feet 
long, and consists of a number of alternating strata of shale and 
ironstone, its ends being completely truncated by the ash,* while 
large rounded and irregular masses of calc^eous ironstone lie 
scattered in the ash, chiefly on the east side. A block of black 
shale stuck vertically iq. the ash measures 10 feet high by 6 feet 
broad. In no part of Linlithgowshire does any ashy deposit 
present the tumultuous unstratified aspect and enormous im- 
bedded masses seen in this Niddry rock. It has no visible strati- 
fication, and weathers into a rude spheroidal structure like a 
greenstone. In different parts knobs and veins of greenstone 
occur intruded irregularly into its mass. The rock at the 
Queensferry shore is a much finer-grained ash, with small 
roi^nded grains of quartz ; that at West Binny approaches nearer 
to the aspect of the Niddry deposit, its sub-angular lapilli are 
white, with the usual siliceous grapules, in ft dull greenish brown 
felspathic matrix. 

The area oyer which this horizon of ash can now be traced is 
a triangular space, of which the two sides extend for about six 
miles, and the base for nearly four. Above these ash beds, ^nd 
immediately belov the Houston coal, a bed of greenstone, pro- 
bably contemporaneous, occurs at Peace Knowe, Wester Ochiltree. 
It forms an irregular anticlinal jaxis, round which the coal winds, 
as shown by the line of old crop pits whereby the seam was 
formerly worked. 

Above the Houston coal another series of ash beds occurs, and 
likewise great sheets of contemporaneous greenstone and basalt. 
Indeed, as stated at the close of the previous section, the sand- 
stones between that coal and the Carboniferous Limestone are 
mainly characterised by the abundance and wide extent of their 

^ * I am strongly incliiied to view this mass as haying been torn i^p and re>deposited 
in its present ppsitipn. I could ^d no evidence of any pause in the ejection of 
volcanic ^ateml, such 9^ would have j^n necessi^ to the accuxaT^A.ti<c>\i C3(i^<^s^ 
strata in the hollow of the ash. 
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igneoua rocks. Near the base of thpsw RaiKlstoiies. and but a 
short way above the coal, a green felsi)athic ash (h' in fig, 10) 
occurs on the l&ads of Biima, at the south lodge. It occiipitis but 
a limited extent, and is quite distinct from the rock of BinoB Hill. 

Binns Hill is the largest mass of ashy material in the coan^, 
and the only one which appears still to exhibit the vent from 
which that mateiial waa ejected. 

It acquires, moreover, additional interest from the fact tliat on 
the same general horizon a mass of similar ash runs southwards 
for aix or seven mUes, while another large patch occurs seven 
miles to the north-east on the coast of Fife. The stniofcure of 
Binns Hill is shown in the subjoined section. The ash (b) ha« 

fig 10. 
Sketcu-Section ok Binns Hill. 



the usual greenish tint, and contains rounded and subangular 
fragments of shale and ironstone. As shown in the section, the top 
of the liiil is occupied by a circular patch of basalt (c), black and 
veiy compact. It has exactly the form of a volcanic neck, and if 
the aah were cleared away round its edges the basalt would, I 
have no doubt, been found descending as a long column. Denu- 
dation lias partly effected this on tho west side, where, conse- 
quently, the basalt can be traced 70 feet lower than on the 
east aide. A similar example of a phtg of basalt filling up a 
crater will be pointed out in describing the newer igneous rocks 
of Arthur's Seat. The reader, however, will guard against the 
impression that the existing summit of Binns HiU represents the 
original mouth of the vent ; much of the surrounding ash has 
been denuded away, along, perhaps, with part of the upper portion 
of the column, while, although the basalt occupies the vent-bole, 
it may never have risen to the sui-face. We see in truth merely 
the isolated fragments of a former volcanic area, and we need in 
imagination to piece these fragments together, and supply besides 
a vast extent of vanished material, ere we can fonn any adequate 
conception of the physical aspect of Linlithgowshire, when Binns 
Hill existed as an active volcano, and scattered ashes and dust over 
a district of probably more than a hundred square miles.* 

* As these asii-beds ctn of course be traced solely along their line of striko, we can 
only measure to one directiDn the area over whicb the ash fell, and even that in an 
approijmate way, owing to the drifly nature of the country. If, however, we mass as 
one all the ash-bede which occur on the saaie geoeral horizon, wc shall find ibem 
range from St. David's in Fife to Dmmcr€)sa, 6 miles due sonth of Linlithgow, a dis- 
tance of 13 miles, with Binns Hill in the centre ; and if wc allow an equal range east 
and we«t, the total area corered by thete eruptions would be roughly i7d Equare 
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Tlie other beds of asli, -whicli I regard ;ia probably southward 
prolongations of Biims Hill, are seen at intervals from Riccarton 
to Druincross, with a westerly dip, while one detached outlier 
occurs to tlje east of tins line in the centre of a basin of the 
Houston coal, between Threemiletown and Little Ochiltree. There 
are many good sections along the banks of the streams, particu- 
larly between Drumcross and Bankhead. An instructive section 
oGcui-3 in an old quarry on the side of the stream west of Wester 

Fig.n. 

Section in Old Qoakrt, West of Westek Ochilteee, 
LiNi.iintiOW. 




Ocliiltree. The lowest bed is a fissile black shale (1), covered by 
a concretionary ash (2) of a bluish grey hue, with felspar cryBtaJs 
and fragments of black shale. Above this lies another stratum 
of black shale (3), overlaid by a thin band of pale yellowish fine- 
grained ash (i). Another bed of similar shale (5) occurs contain- 
ing roiinded balls of ash, and passing up into another ashy 
layer (6). The shale (7) which succeeds contains thin seams and 
balls of clay ironstone. It is overlaid by an ash (8) similar to 
those below, and then by another black shale (9), in which occur 
well-marked coprolites of Rkizodiis (?) and abundance of 
Cypridea. This last stratum shades upward into a gi-een ashy 
conglomerate (10), which conaiHts of a coarse gravelly paste, with 
rounded balls of greenstone varying from less than an inch to 
nearly a foot in diameter. 

Above the ash just described there occurs at the Longmuir 
Plantation a great sheet of greenstone, the base of which is 
exposed along the banks of the stream to the east. Where the 
upper surface of a greenstone bed is concealed,, as in the present 
in.'^tance, it becomes by no means easy to decide whether the bed 
should be regarded as intmaive, that is, later than the rocks 
among which it oecui-s, or interbedded, that is contemporaneous 
with them. If the bed is quite regular in its course, and occurs 
in a district where ash beds abound, we shall probably not err in 
regarding it as interbedded or contemporaneous. Such is the 
case with the Longmuir greenstone. It lies at the base of a great 
series of greenstones and ashes, and is underlaid, as we liave seen 
by another important set of ashes, and when. v\e'we^\n.a3Q.'a&-sisstt 
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with some of the higher traps of the series, it will be seen to 
belong with most probability to the contemporaneous series. 

The Longmuir greenstone is overlaid by various sandstones 
and shales, which are seen in the quarry above Broomykno^wes 
(where a thin seam of coal also occurs), and at intervals along the 
eastern slopes of the Riccarton Hills. They have a westerly dip, 
and pass below an enormous sheet of greenstone, forming the 
greater part of the hills, and extending southwards into the 
Bathgate bogs a distance of nearly five miles. The thickness of 
this mass along the Riccarton Hills must be fully 400 feet, and 
it probably reaches double that amount as it approaches Caput- 
halL I speak of it as one mass, because, in mapping, it cannot be 
subdived, but in reality it is not all the product of one eruption, 
as is clear both from the bands of varying texture which it pre- 
sents and from the occurrence of intercalated seams of sandstone 
and ash. For instance, in the middle of the mass, half way 
between the summit of the hill and the road at Beecraigs, a thin 
interbedded stratum of sandstone occurs, thinning away appa- 
rently both to north and south. The rock below this sandstone 
is hard and compact, like a basalt, while above it has the usual 
texture and aspect of a greenstone. Again, in a wooded hollow, 
east of the Kirkton Lime Works, a band of felspathic ash occurs 
in this trap, and the rock on either side presents a similar 
difference. The greenstone is in some places markedly amygda- 
loidal, its cavities being for the most part lined with carbonate 
of lime, — a structure which is seen in the stream below Broomy 
knowes farm-steading. As a rule, however, it is granular and 
compact, formed of a mixture of felspar and angite, and weather- 
ing with a crumbling spheroidal surface. The joints which 
traverse it have their surfaces sometimes slickensided and coated 
with a film of serpentine or with carbonate of lime, as in the quarry 
300 yards north-west of Boghall, east of Bathgate. A remarkable 
feature occurs in the quarry half a mile east of Boghall ; the com- 
pact greenstone there, when broken, emits a strong bituminous 
odour, and when I visited the quarry there were on some of the 
joints drops of brownish water, which, when evaporated on the 
skin, gave off the same marked odour, but without any perceptible 
taste. The same peculiarity distinguishes nearly all the intrusive 
greenstone of this part of the county {see Chap, xi.).* 

The Riccarton greenstone is covered by sandstones, some of 
which are seen in an old quarry on the road side between 
Beecraigs and Whitebaulks ; they are probably on the same 
horizon as those of Kingscavil. Above them comes the lowest 
bed of limestone in the Carboniferous Limestone series which may 
be traced from Carsie Hill, east of Cauldhame, to Whitebaulks, 
thence, inferentially, between the greenstones to Tartraven, and 
again at Kirkton; but the southward prolongation of this 
limestone and the beds which underlie it becomes commingled 

* See aJso Descriptive Catalogue of Eock Specimens in the Museum, Jermyn 
Street, Second Edition, p. 357 
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with tho trappeon masses of the district, aeh-beds, greenstones, 
and basaltfl take the place of sajidBtones and shales, and this 
featui'e continues through the whole of tliia series, aa developed 
near Bathgate. Hence the aah-beds which overlie the Riccarton 
greenstones to the south will be more appropriately described in 
the next chapter along with the limestones. Having now 
ascended through the whole series of the Lower Carboniferous 
rocks, with its associated contemporaneous igneous masses, we 
pass upwaj-ds into the Carboniferous Limestone group. 



CHAPTER VL 

Carroniferous Limestone of Linlithgowshire. 
Lower Limestones and Trap-eidoe of Bathgate Hills. 

As the development of this series in Linlithgowshire differs in 
many respects from that of the same series in the county of 
Edinburgh, the two districts wiR be best described separately. 
The Edinburgh coal-field, therefore, with its encircling zones of 
limestone, .forms a separate part of this Memoir, and is described 
by Mr. Howell (Chap, viii.) I sliall here continue the Linlithgow- 
shire section upward from the Riccarton traps without referring 
to the contemporaneous strata eastward, and the reader will bear 
in mind that during the accumulation of the markedly volcanic 
series of Linlithgowshire now to be detailed, the area of Edin- 
burghshire remained unvaried by the ingress of any igneous 
rock. 

Unfortunately the present Sheet No. 32 embraces only a part, 
and that the least typical paj-t, of the Carboniferous limestone 
series of Linlithgowshire. As the desci'iption of the included 
portion would by itself be much too incomplete and obscure, and 
aii the Bathgate ffills, moreover, form a well-defined independent 
area, I have included the whole in the present Memoir, and reter 
the reader to Sheet 31 (not yet published) for the general 
disposition of the rocks. 

The great limestone beds, so admirably displayed on the 
Fife coast at Charieston, are not visible on the opposite 
shores of the Firth, There occurs indeed a band of coarse 
sandy limestone at Blackness, and a still thinner encrinal 
seam in the quarry on the shore at Carriden, the one marking 
probably the lowest limit, as the other undoubtedly forms the 
liighest of the lower series oi limestones ; but of the gre^t 
encrinal limestone there is no trace on the shore, save in the 
numerous scattered blocks on the beach below Stacks. The 
missing beds, therefore, must be supplied fi'om the interior. 
Passing westwards, we find the Carriden limestone band sur- 
mounted by a great group of coal-beaxing sandstoi\«& wA Aiai*& 
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with thick ioterltedded sheets of greenstone forming the ooal- 
field of Borrowstowneas. West of Kmneil, two upper Htrata of 
marine limestone occur above the cools with the aame fossils aa 
in the lower limestones, thus binding the whole into one great 
palEBontological group, the equivalent of part at least of the 
Mountain Limestone of England. 

The Carboniferous Limestone seriea of Linlithgowshire therefore 
may be regarded as broadly characterized, Uke that of the rest of 
central Scotland, by three well-marked zones : — lat, and lowest, 
a set of marine limestonea with sandstones, shales, and one or 
two seams of coal ; 2nd, a considerable thickness of coal-bearing 
beds, forming the Eorrowatownesa coal-field, and equivalent to 
the Edge coals of Midlothian ; 3rd, a group of sandstones with 
two or three thin but markedly persistent bands of marine 
limestone. Above these come the upper coals, which probably 
rejiresent the lower part of the true Coal-measures of England. 

The lowest of these zones rests upon the sandstones covering 
the Riccarton greenstone, and is consequently the next group to 
be described. As just remarked, no part of it appears on the 
coast except the highest and lowest bauds, nor until we pass 
inland for 3 miles does it unequivocably appear; but from 
Hillhouse, south of IJnlithgow, across the hills to Bathgate 
Muir, it has been admirably displayed in a long range of 
quarries. The lowest limestone of the series is that formerly 
worked at Whitebaulks and Tartraven ; it is about 10 or 12 feet 
thick, of a compact blueish grey texture, with abundant frag- 
■ menta of small encrinites, and rests on an 8 or 10 inch seam of 
coal. At Whitebaulks the strata underlying this limestone are 
the sandstones above noticed, but as we pass southwards the 
space between it and the great Riccarton greenstone becomes 
occupied chiefly by igneous rocks. The sandstones die out, and 
resting directly on the greenstone we find at Craigs a character- 
istic aah, and at Kirkton an assemblage of ash, shaly limestones, 
and basalts. The Tartraven limestone cannot with certainty be 
traced south of that locahty. The country there consists of long 
east and west lidges deeply covered witli diift, which of coui-se 
lies yet more thickly in the intervening valleys ; but that the 
band of stratified rocks in which that hmeatone occurs, runs 
southward between the Riccarton greenstone and another 2}araJlel 
sheet to the west, is indicated, I think, by the occurrence of tliia 
ash at Craigs, and certainly when we cross the great intrusive 
greenstone boss of Raven Craig, we come upon the ash again with 
included bands of limestone. 

Of these limestones there are two distinct zones, both laid 
open in quarries at Kirkton. The highest occurs in the west 
quarry and runs north by Lhnefield. That it forma the 
southern prolongation of the Tartraven bed I have little doubt ; 
at least there is no other marine band which could take its place. 
The hiwi;r limestone zone occurs in the East Quarry; and if it 
be correct to view the higher zone as the equivalent of the Tar- 
ta-aven limestone, then this under one muafc be regarded as 
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occupying a position somewhere betwerai the Tartraven limestone 
and the greenstone of the Riccarton Hills ; hut it is a mere 
local patch which cannot be traced 100 yards from either end of 
the quarry, and does not occur in any other part of the county. 
At ttie same time its occurrence here is interesting, and the sec- 
tion in which it is seen displays perhaps a greater variety of 
instructive facts than any locality of simiW extent in the district,* 
The general section in that quarry is as follows : — The floor is 
ash, resting on greenstone ; above this come various limestones 
with ashy seams intermingled, then shales and ashy sandstones, 
while the whole is surmounted by basalt, forming the crest of 
the quarry. The subjoined woodcut gives a detailed section of 



Fig. 12. 
Seoiioh ih East Qcabby, Eibetoh (Nobte 



Ehd). 




the north end of the quarry. The lowest bed is a loose pul- 
verulent concretionary ash (a), resting on greenstone ; above it 
comes a thin irregular band of ash-beds and ashy limestones, 
which last consist of a mixture of felspathic fragments in a grey 
calcareous base, while some of the ash-beds contain rounded or 
subangular calcareous stones. A veiy unequal stratum of lime- 
stone (c) succeeds ; at one point it measures 6 feet in thickness, 
while a short way off it increases to 13 feet. It is a hard grey 



• Dr. Eibbert'a short notice of thU qaarry in the Appendix to his Paper on the 
Bardie House Limestone (Trans. Roy. Soc Edin., toI. ziii.). though overlooked 
at the time, and aftorwardj itgected by Mr. Nicol (Geol. of Scot., p. 92), deterrea 
attetition. His explanation of the origin of the Eirkton limestone is andonbtedlf 
in the main correct. 

t lu both these mnsemns there is a carefiilly selected series of Epeelmens froni the 
district onder review, "ihej vere collected nnder my own superintendence irith the 
Tiev of specially iUustrating the nature of these carboiiiferous ^eons rocks. 
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cherty rock, the obert being either arranged in 6ne lamiiue or in 
an irregular brecoiated or nodiihir mauDer. These laiaioae often 
display curiotis contortioDs as is well Hhown by the specimens in the 
Jermyn Street Museum, London, and in the Industriai Mnseum, 
Edinburgh.f Various altematiouM of nab and limestone occupy 
the remainder of the section (</—*,) until a mass of herbage and 
d^ris obscures the slope. Above this we again meet with a 
limestone (/.;}, finely laminnted, very fissile ; some of the lamina 
showing a mamillated surface, while others have undergone great 
twisting and contortion. Shales and sandy beds (I and m), Kome- 
what ashy in the upper part, next supervene. They are chiefly 
remarkable for the great number and beautiful preservation of 
their included plants, as Lepidotlendron, Stigmaria, Peco2)terie, 
&c A bed of columnar basalt («.) completes the section. 

If now we turn a few steps south from the point where the 
preceding section was taken we find a considei-able alteration in 
the beds. The shales (I and m) become tliicker, lose their ashy 
texture, and contain a guod many nodules of clay ironstone. 
The limestone (k) also thickens and undergoes a ramarkable series 
of contortions, which are confined to its mass and do not atfect 
the superincumbent strata. The accompanying Figure (fig. 13j 



Fig. 13. 
Skotion in East QnABBT, 

KiRKTON (about the 

Middle). 
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represents the section, shown about 
the middle of the quarry, where the 
twistings of the beds sometimes 
almost reach verticality. The lime- 
stone (I) is there finely laminated, 
consisting of alternate layers of 
silica and lime, which are frequently 
crumpled and twisted in the most 
remarkable way, and covered by un- 
disturbed shales m. 

Tlie succession of events repre- 
sented by these alternating bands of 
rock is not difficult to understand. 
First we have a sheet of lava-form 
gi-eenstone ejected fivim some neigh- 
bouring orifice, and probably ex- 
traiding over a considerable area. 
Over the district of Kirkton a small 
lagoon of fresh or brackish water 
appears to have formed in a hollow 
of this lava, so that the next ejec- 
tion of igneous matter, marked now 
by the lowest ash seam in the quarry, 
fell in the form of dtist and stones into the water, where, there 
being no current to assort the sediment, the ash accumulated 
with hardly any stratification. Over this iushy fioor calcareous 
matter gathered in nodular, irregular bands. Hot springs 
charged with silica, like those of IcelanJ, and, like them al.'to, 
connected with volcanic agencies, seem to have fed the liiguon with 
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water from which the siliceous matter was precipitated, so as 
to mingle with the lime and form in this wa-y the hands and 
nodules of chert and the finely alternating interlamiaatiooB of 
silica and lime which are so coDBpictious in this quarry. During 
the accumulation of such silico-calcareous deposits, however, 
showers of yolcanic dust were of frequent occurrence, as is 
proved by the ashy seams intercalated among the limestones. 
A change in the physical configuration of the locality appears 
now to have taken place, and contempomneously with it a 
cessation of the deposition of coleareona and siliceous matter. 
The Kirkton lagoon seems to have become connected with a, 
larger area of water, into which sediment was transported. 
The upper shales and asby sandstones of the quarry point 
to this change of conditions. Their included plants indicate 
the proximity of land clothed with ferns, stigmariie, and 
lepidodendra. But the igneous forces still continued active 
in the district, as is shown by the quantity of felspathio and ashy 
materia] contained among these sandstones and shales, and still 
more by the great sheet of columnar basalt, an old lava-flow, 
which overlies the whole series of deposits in this quarry. 

This basalt is a dark compact columnar rock, like the other 
basalts of the district, and probably occupies the whole of the 
interval westward to the next quarry, where the marine lime- 
stone above referred to occurs. That quarry presents many 
features resembling those of the last, but in place of the remains 
of terrestrial plants it contains in abundance marine shells and 
crinoid stems. As with the lower limestone, the basement bed 
in the west quarry is an ash, fine-grained and disposed in well- 
marked strata. It contains a bed of greenstone 3 inches 
thick, of a spheroidal structure ; a bed of limestone next occurs, 
shaiey at the base and ashy at the top, where its characteristic 
producti and crinoid joints are especially abundant. At the 
south end of the quarry these strata are surmounted by ash, 
then shale, then limestone bands with Av-lophylht.7ih, Productus, 
Eneriniies, &c., then by limestonG with tliin ashy partings, and 
lastly by a bed of dark basalt, which, like most of the trap rocks 
of the district, contuns a considerable quantity of mtignesia. 
These strata vary very much in a short distance, but they are 
continuously overlaid by the baaalt, which at one part of the 
quarry rests unevenly on the limestones and ashy seams, where 
these are broken and intermittent, in a manner not easily 
explained. 

The ancient physical conditions indicated by the deposits of 
this excavation differ to some extent from those of the east 
quarry. We see still the same evidences of the ejection of 
volcanic dust after the eruption of the basalt {n, in fig. 12), but 
in place of the remains of land plants, we have now abundant 
traces of marine life, pTodiieti, spirifers, crinoids, and corals ; 
showing that the area liad undergone a submergence below the 
sea. The Biliceous matter occurs but sparingly, although there is 
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still abundant evidence of volcanic action ; tlie ahe-lls and zoophites 
iippearing not tmfrequently to have been destroyed by being 
enveloped in a thickeiung depoait of ash. 

That the limestone of the West Quarry, Kirktoa, is identioal 
with the Taitraven bed can hardly, I think, be doubted ; and it 
beoomee interesting, therefore, as ehowing the peculiarly l»cal 
character of these carboniferous volcanic eniptions, to notice 
how undisturbed and free from all extraneous ash or greenstone 
are the limestone and shales at Tartraven and Whitebaulka. 
Indeed, in working out the geology of this intricate region, 
nothing was more frequently or more vividly impressed npou 
me than the markedly local nature of the igneous rocks. Even 
where we have proof of volcanic activity continuing during a 
large part of a formation, we can seldom trace the ejectiozis of 
any single eruption for more than a few miles, and not a aii^le 
layer of ash or bed of greenstone has yet been detected in tiie 
contemporaneous strata of the adjacent county of Edinburgh. 

Holding, therefore, that the limestone of Tartraven is identical 
with that of the west quarry of Kirkton, and that, extending 
north to tlie shore near Stacks, they represent a former con- 
tinuous submarine floor, let us see how the accumulations whii^ 
subsequently gathered over that calcareous seam varied through- 
out their course, it Whitebaulks the limestone is surmounted by 
black shale, above which, if we may judge from the unaatisfactory 
section eaat of Cauldhame, comes a series of sandstones, reaching 
probably to about 80 or 100 feet. These are covered by a 
remarkable bed of felspathic ash, to which I shall immediately 
advert. Above the ash comes the tliick set of sandstones 
wherein the Hillhouae quarry has been opened, above which at 
no great distance, a bed of greenstone supervenes, and then we 
arrive at the 'great marine limestone of the Bathgate HUls, where 
it is exposed in the quarries above the farm of Hillhouse. Let 
us now compare the section at Tartraven, which is less than two 
miles south of Whitebaulks. The limestone there also rests below 
a capping of blue shale, above which for a short way nothing is 
seen at the surface, till passing over a space equal to a vertical 
height of probably less than 40 feet we come to the base of a 
great sheet of greenstone. There is no visible trace of the ash, 
and if that bed does exist here it must be in a very attenuated 
form, for there are only about 40 feet to contain all the strata 
which at Whitebaulks intervene between the top of the limestone 
and the top of the ash. The greenstone (which at the base 
passes into a basalt) occupies all the remaining space up 
to the bottom of the great limestone. The whole of the great 
Hillhouae sandstones have thus disappeared, and their place is 
taken by a long sheet of greenstone. If now we pass still south- 
ward to the west quarry, Kirkton, 2^ miles from Tartraven, we 
shall find a still wider divei-genee from the section at White- 
baulks. The limestone thei'e, -.is we have seen is itself markedly 
ashy, is interstratified with layers of ash, and ia sui-mounted by 
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a sheet of columnar basalt. That basalt extends westward for 
about 100 yards (which with a dip of 20° ia equal to a vertical 
thickness of 100 feet) to near the corner of an east and west strip 
of wood, where a hollow occurs, in which, as I was informed, a 
thin bed of limestone waa quarried. I saw no rock in place, and 
the bed is probably a mere local lenticular patch, like that of the 
lower quarry at Kirkton ; with this break the basalt stretches 
west to the ashy and shaley base of the great Uraestoue, so that 
here we find the interval between that limestone and the lower 
or Tartraven seam almost entirely occupied by volcanic rocks, 
tlie whole of the sedimentary deposits of Hillhouse having in their 
southward extension gradually thimied away. Both the lime- 
stones rest on ash, the lower one being itself conspicuously aaliy, 
while the interspace between thein, with the ambiguous interrup- 
tion of the thin invisible limestone, consists entirely of greenstone 
and basalt. 

Passing stiU southward across the fiat moory country east of 
Bathgate, we meet with the limestone again in the bed of the 
river Almond, below Blackburn; but there the normal conditions 
are resumed, and we find shales, sandstones, and thin coals, as at 
Tartraven and Whitebaulks. Hence the area over which volcanic 
material was ejected here during the accumulation of the Tar- 
traven limestone, cannot have had a north and south extension 
of more than five or six miles. After the deposition of the lime- 
stone, bowever, ashy matter fell to a considerable depth north of 
that area, and this ash is quite independent of any of the Kirkton 
beds. It occurs, as I have said, not far above the quarry at 
Whitebaulks, whence it swells out northward by Catddliame to 
the turnpike road between Kingacavil and Porterside, where a 
powerful fatilt occurs, but the ash is again met with westwards 
at Pilgrim's Hill, at the east end of the town of Linlithgow. It 
is a dull yellowish or greenish felspathic rock, with pale sub- 
angular felspathic fragments at Canldhame, and at Pilgrim's Hill 
numerous angular fragments of coniferous wood more or leas car- 
bonised. These interesting vegetable relics were noticed many 
years ago by the lafce Hugh Miller.* 

The Great Limestone falls now to be described, and first let me 
remark that the term " great " ia only applied to it here as 
marking its local thickness in the Bathgate Hills : southwards it 
dwindles down into a bed quite as insignificant as that of Tar- 
traven ; indeed, one of the characteristic features of this limestone 
is the way in which it quickly thickens out into a mass of very 
respectable dimensions, and then as quickly thins away into a 
band of 8 or 10 feet. It presents the same aspect in the west of 
Fife. 

The most northerly locality in Linlithgowshire where this 
limestone can be seen is at the lime quarry above Hiltly, at the 
north end of the long line of the Bathgate Hills. From this 
point south-west for nearly half a mile an admirable section of 

■ " Schools and SchoolmasterB," p. 490, edit ias4. 
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the beds is displayed, crowned by an imi>08ing range of basaltic 
ooloniDS. The following is the section near the lime kilns : — 

FT, IN. 

Surface soil and herbage. 

Columnar basalt. 

Black Rhale - - - - - ' 6 O 

Band of irregular gritty limestone. 

Greenstone, soft greenish amygdaloidal - - 4 6 

SUiceous limestone - - - - - 1 3 

Reddish sandstone - - - - -30 

Greenstone, soft white and greenish - - - 1 6 

Dark sandy and micaceous shales, with Stigmaria -60 
Limestone - - - - - -300 

Shale. 

The strata vary considerably at a short distance some of ihen^ 
disappearing altogether and new ones taking their places, 

About one mile and three-quarters to tlie south, the next 
opening in the limestone occurs. The quarry is called the 
" North-mine Quarry,'' and it forms the beginning of a gre^ 
range of excavations which indent the hill for upwards of two 
mil^. At the north end of this quarry the following interestiiig 
section occurs : — 

FT. nr. 

Greenstone. 

Black shale, altered near greenstone - -26 

Yellowish green felspathic ash, with hard concre- 
tionary bands of c^careous ash - - -50 
Blueish ash, with rounded pieces of altered sandstone 

and limestone - » - - - 4 6 

Grey micaceous sandstone, with Stigmaria stems - 7 
Coal, with SHgmaricB on upper surface - - 4 5 

Fire-clay, with concretionary bands and nodules of 

ferruginous sandstone. 
Limestone (70 to 80 feet, further south). 

The alternation of coals, fireclays, and marine limestones exhi- 
bited in this section is characteristic of the Scottish development 
of the Carbonifei'ous Limestones. The coal-seams consisting of 
terrestrial vegetation rest upon beds of fireclay that represent 
the ancient soils, while the limestones contain corals, crinoids^ 
braehiopods, and many other undoubtedly marine organisms. 

In some of the joints in the North-mine Quarry galena occurs, 
with of course the usual accompaniment of silver. One of these wias 
worked in the time of James VI., by whom the mine was evein- 
tually bought ; but from the time that it passed into royal hands 
the ore seems to have almost disappeared. The locality was 
called the " Silvermine/' a name which it still retains. In the 
rubbish of the old workings a sofb pale apple-green arsenurate of 
nickel occurs in small quantity. I was told, however, that there 
was quite enough to destroy the domestic fowls of the neigh- 
bouring cottage, and that one or two hens which had found their 
way over the hill from the village of Torphichen never found 
their way bm* »gam. 
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It is interesting to walk aouth-west fi-om the Mine quarry, and 
mark how the strata intereliange in their progress below the 
continuous capping of basalt and greenBtone, The ash at the 
north end gradually thine away, and in its place comes a thick 
series of sandstones and shales. At the Knock farm a bed ef ash 
is seen underlying the limestone ; it is visible also on the road 
helow the cottage south of the Knock Hill, and again in a pretty 
section at the south end of the Sunnyside quarry. In the north 
part of that quarry, on the eastern aide, I observed a remarkable 
hole in the limestone. It increases in width aa it descends, and 
is filled with calcareous ash and hardened sand, with large 
rounded stones. I searched in vain along the upper surface of 
the limestone for any ash-bed from which material might origi- 
nally have been washed into this hole. There is a good section 
for a long way, but it shows only various alternations of sand- 
stone and shale. The sides of the hole are lumpy and rounded, 
and, at the time, they suggested to me that the cavity may liave 
owed its origin to the erosive action of a strongly acidulous 
spring possibly connected with the Carboniferous volcanoes. 
There is a bed of ash below the limestone, hut as the toji of the 
hole had been quarried away, and its bottom had not been 
reached, no point of contact could be observed between the 
materials filling it and any strata either above or below. 

The limestone itself presents a rich assemblage of organic 
remains, many of which are enveloped or filled with chert, 
particularly the Productus ffiganteiLs, while occasionally they 
contain bituminous matter, possibly the representative of the 
animal tissues ; other characteristic fossils are Froductua a&mi- 
retioulatus, P. lowjiapina {FUrnvngii), Spirifer trigonalis. 

At PetershiU the limestone is from 70 to 80 feet thick. At 
Redhouse, about 2^ miles south, it is only 8 feet. There are 
visible on the Almond, near Redhouse, two seams of limestone, 
each about 8 feet thick, with one or two minor bands. The lower 
of the two seams has a workable coal below it, and is hence to be 
identified with what is called the " Main limestone." Perhaps 
it may also be identified with the Tartraven bed. The following 
is the section at the Redhouse colliery ; — 
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Limestone - - . . . 

" Parrot " coal . - - . . 

" Free " coal . - . . . 

" Gas " coal and ironstone balla - . . 

" Cement," a kind of impure fenruginoua limestone 
Shaly sandstone - - , - - - - 10 

Coal 4 

" Wild Gaa " coal 2 

Hard brown sandstone. 

There is also a thin coal below the upper limestone, and the 
shales show the characteristie brachiopods, iS/yirifer tr-igormlis, 
Productus eerniiretitpdoiv-s, &c. No ash or ^-^e.'os^i^ wis«^ 
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among these strata, although a short way west, at the Blackburn 
Bridge, there is a greenstone bed, the southward prolongation of 
some of the Bathgate Hill sheets. It has a marked magnesian 
composition, and is quarried as " lakestone^'^ a valuable substitute 
for fire-brick in ovens. 

These limestones are met with on the Breich Water at Addiewell, 
1^ mile south of Blackburn, overlaid by the same remarkable 
greenstone, and they run on by Baad's Mill to Cobinshaw Reser- 
voir ; but this part of their course will be more appropriately 
described in the Memoir to accompany Sheet 31. 

To return again to the Bathgate Hills, I have said that 
the long quarries there are capped by a continuous bed of 
greenstone or basalt — in some parts, as Hillhouse, beautifully 
columnar. When we quit the limestone and begin to ascend into 
the series of which this basalt forms the base, we enter into a con- 
fused grouping of greenstones, basalts, and ash-beds, with local lenti- 
cular seams of sandstone, limestone, or shale, but with no marked 
stratum which can give us a definite horizon. We come, in 
short, to a mass, mainly of igneous rock, which interrupts the 
connexion of the strata across the country, an interruption, how- 
ever, contemporaneous with their origin. These huge sheets of 
volcanic material must have originally risen as a bank, cutting 
off, at one point at least, the connexion of the Borrowstounness 
and Bathgate districts. Hence from the great limestone upward 
to the upper marine limestones, we find no continuous band of 
sedimentary rock connecting the coal-fields of Bathgate and 
Borrowstounness. It was not until the progress of subsidence 
had brought down the quiescent volcanic bank, and by accumu- 
lated deposition reduced the sea-bottom to a continuous level, that 
the connexion was again restored, and a layer of marine limestone 
(the lowest of the upper limestones) formed over the sea-bottom. 

With this preliminary notice it may be most intelligible to 
describe first the structure of this volcanic bank, that is of the 
range of hilly ground now bearing the name of the Bathgate 
Hills, and then proceed to notice the contemporaneous strata at 
either end which form the coal-fields of Borrowstounness and 
Bathgate. 

If, beginning at the north end of the hills, we proceed west- 
ward from the thick limestone at Hillhouse, we find that the 
basalt which occupies the crest of the quarries there extends at 
least to the road leading to Linlithgow. This is a horizontal 
distance of 2,000 feet, and represents at 15® a vertical thickness 
of 500 feet of basalt ; but the rock probably extends much further 
than the road, though^ owing to the clay and sand covering the 
eastern slopes of Cocklerue, no rock can be seen. In the stream 
at Preston House, however, which is only three-quarters of a nule 
to the north, there is a well-marked interstratification of dull 
green granular felspathic ash, with rounded trap fragmenta It 
probably does not reach 30 feet in thickness, and is covered and 
underlaid by greenstone. This bed, if it extends so fSax south, 
should occur somewhere about tioiQ xeaenoix ^H» \)GkA \is»m1 of 
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Preston Bum ; but we see there nothing but drift clay and a 
thick boggy vegetation, from which protrude some weathered 
bouldera of greenstone. Proceeding still westwards in as- 
cending section, we find under the 80uth-ea«tem crest of 
Cocklerue some precipitous crags of greenstone, the prolongation 
of the beds overlying the ash at Pi-eston Bum. These .are sur- 
mounted by some pale sandstone and a seam of sandy ash, which 
dip below the greenstone that forms the picturesque summit of 
the hill. This interpolation of stratified matter among these lava- 
form traps cannot, unfortunately, be traced towards the north, 
owing to the obscuration caused by the drift and the want ol 
natural sections. It swells out southward, however, and ia seen 
in the quarry south of Kippa Here the lower coals of the 
Bathgate field begin, and, with their associated sandstones and 
shales, stretch southward, between sheets of greenstone, to 
Cathlaw, thence to Hilderston (where two of the coals are seen 
in a sandstone quarry), and so by BaUenciiefi" to Bathgate. These 
coals fall to be described in a subsequent memoir ; they are men- 
tioned now only to show the position of the ash and sandstone at 
Cocklerue. It appears then, that, taking a section at the noriih end 
of the chain from the Great Limestone at Hillhouse to the horizon 
of the lower Bathgate coals at Cocklerue, we find the whole of that 
thickness to consist apparently of greenstone, with the exception 
of the thin intercalation of ash at Preston. This may be taken 
aa the point where the mass of igneous rock is thickest, and it is 
here and northwards that the connexion between the Lower 
Bathgate and the Lower Borrowstounness coals is interrupted. 
The ash and sandstone at Cocklerue, as we try to traj:e them 
north, are soon lost, and we find ourselves in a hopeless chaos of 
greenstones and basalts, with the additional obscurity of the drift. 
The band of sandstones and coals, which ia about 300 feet thick 
at Ealbardie, near Bathgate, does not reach 40 feet at Cocklerue, 
and apparently loses all its coals, while it disappears altogether 
before reaching Kettlestone, and then the greenstones form a 
bank, in which I in vain searched for any stratified intercalation. 
But these greenstones rapidly thin away to the north. There is 
no evidence that they reach Longcroft House ; on the contrary, 
the coals and sandstones reappear there, having been found in 
some deep weDs at the paper-mill From this point we ascend 
towards the north-eaat, and along the southern dopes of Glower- 
owrem Hill meet with the old workings in the Lower Borrows- 
tounness coals. The area of discontinuity, therefore, must lie 
between Longcroft House and Cocklerue. North of that area 
we have the regular lower coals of Borrowstounness graduating 
downwards to the thick limestone, and south of it the lower 
coals of Bathgate, while the area itself consists of a confused 
assemblage of greenstones, probably of various ages, the product 
of eruptions contemporaneous with the strata at either end, as we 
shall immediately see. 

Such being the character of the rocks superimposed upon the 
thick limestone at the north end of the Bathgate HiBa, V*. m* 
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Fig. 14. 
Sbction in Wahdlaw 
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trace their TariatlotiB southward. On tlie farm of Balvormie, s 
bore was put down in the year ISSl, which passed through » 
number of alternating sandstotLusaad limeHtonea, jirubably a cod- 
tinuation of the Hlllhoufie beds. At Wardkw, itlxiub u mile south 
hy west, we meet with a limeBtune Iiigher than the tliick seam. It 
Was worked both here and oq the eajit xido of Cathlaw Hill, but 
bafi uot beea seen either to the uorth or the south. It is 
uioth«r of those local lenticular Beams of limestone to which I 
have already had occasiou to refer j bub it differs from every 
other limestone in the district, in the great abundance of its 
Litkoatrolion irregulare. The dose set stems of that coraJ con- 
stitute entire layers of the rock. The following woodcut repre- 
sents the section displayed in Wardlaw 
quarry. The lowest bed visible ib b 
light greenish magnesian amygdaJoidal 
greenstone (a), on which the liuiestone 
(»), about 15 feet thick, rests directly. 
The bottom of this limestone (I') con- 
sists entirely of closely segr^^ated 
stems of the lithostrotion, which bfilug 
I held only loosely together, crumblb 
down into heaps resembUng broken 
pipe stems. Another more compact 
bed (i) occurs near the top of th« liW- 
Btone, and varies from 10 to li) incfatt 
in thickness. The next stratum ia one 
of dark compact shale (c) nearly 2 feet 
thick, and this ia covered by about 3 
feet of impure shaly limestone (u) with 
ehaly bands. Three or four int^ee of 
black compact pyritous shale (b) lie 
above the Umestoiu;, and then a thick 
bed (about 3 feet where the section was 
made, but it decreases southwards,) of 
dark saady shale (»), with Calaimlee, 
ProdAiati, scales of PalcBo^viiicuB, &;c As usual the (juarry is 
created by lava-form trap — here a greenstone (a) in irr^fiilar 
lenticular lamina from an inch to a foot in thickness, Laving a 
pisoHtic or amygdaloidal structure. This greenstone passm np 
into others of the usual texture, which stretch west^varde until 
they are overlaid by the sandstones and cools at Kipps already 
alluded to. 

This limestone, with the great sheets of greenstone underlying 
and overlying it, passes south above Upper Cralgmailing to Cairn- 
naple Hill, the highest of the range.* But here we begin to 
observe a marked change in the greenstones. They becoma 
greatly narrowed and spUt up by intercalations of sajidstooe, 
shale, &c. The change begins on the hill south of Caim-naple, 
and is characterized on the surface by the long narrow hollows 
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.eauaed by the wearing away of the strata between the liarder 
beds of trap. Unfortunately there are no sections by which the 
nature of these stratified intercalations can be aacertained. If, 
■ however, we examine the Mavis Glen to Peteraliill, about one 
onle south of the hill last mentioned, the detailed structure of 
the ridge will at ouoe appear. The thick limestone, as displayed 
in the large quarries of Petershill, ia covered by a considerable 
thickness of sandstone and shale, which reach to the top of the 
excavation and a short way west, until they dip helow the 
greenstone. The latter rock extends to about the farm-steading 
of Brightknowes, where if the soil were removed we should 
probably find a thin iuterstratifieatioii of yeUow sandstotie, 
which may be inferred from the evidence supplied by the bank 
above the Academy. Another greenstone band then supervenes, 
and from this point we have a complete ascending section in the 
Mavis Glen to a vertical extent of fully 400 feet, Ist, The lowest 
beds there visible are sandstone and shales surmounting the 
greenstone laat mentioned and above them the following beds 
we seen in ascending section. 2nd. Hard blue compact green- 
stone in a bed from 40 to 50 feet thick. Srd. Bed of fii'eclay 
containing balle of amygdaloidal greeniitoQe, some of which 
measure 3 feet in diameter, 4th. Coaly shales. 5th. Light 
green hardened shale. These three beds of stratified rock may 
together amount to, say, 20 feet. 6th, Greenstone bed between 
130 and 150 feet thick, very amygdaloidal and vesicular towards 
the top. 7th, Sandstones, shales, thin coals, and at least one 
minor bed of greenstone,* amounting in all to jjerhaps 130 feet, 
and surmounted by the ■' Main coal," the crop of which crosses 
near the junction of the Glenmavis road with the ttimpike road, 
as ia shown by the remains of an old crop-pit close to the east 
side of the road La the first field north of the houses. 

This section clearly shows that the great sheeta of greenstone 
so conspicuous towards the north end of the Linlithgow Hills 
are thinning off southwards. Accordingly, although Uiey occur 
in the district between Bathgatu and the river Almond, as is 
shown both by one or two protmding exposures, and by a eeries 
of mineral bores, only one greenstone bed, — the " lakeatone," 
above referred to, — appears to cross that stream. 

The " Main coal " lies at the baae of the Balbardie coals, and 
these represent the coals of Borrowstounness. They are covered 
by another sheet of greenstone, and then, without the interven- 
tion of farther igneous rocks, the series becomes regulai\ passing 
up into the upper mariae limestones, and thence into the Upper 
coala of Bathgate, which lie on the same horizon as the " Flat 
coals " of Mid-Lothian 

The details of the Bathgate Coal-field fall to be described in a 
subsequent Memoir. It is at present enough to point out that 
the coal-bearing measures of Balbardie, reaching to between 300 

kand 400 feet, extend uorthwai'ds by Hilderstun and Catlilaw to 
■ Found in a bore. 
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Eipps, and that they are sunnounted for tlie whole of that dis- 
tancti by the Balbardie greeniitoiie, which towards Kipps becomes 
greatly enlarged, and takes the form of a com]uu!t, occasionany 
columnar, basalt. From Kipps this basalt keeps northward by 
Threegables, joimng there the greeiifltone of Co<3derue, and then 
sweeping north-west to Kettleston Hill. It ia here, as I have 
stated above, that the Bathgate coals die out, and their place is 
taken by these aheeta of contemporaneous lava^fonn trap. The 
dlscontdnuity of the two coal-fields is eflFected hy the npward 
prolongation of the greenstones forming a bank, against which 
the attenuated Bathgate series abuts on the south Mde and the 
Borrowstounneas seri&s on the north. 

Above the basalt of Kipps the carboniferous strata recommence. 
Between Kipps and Linlithgow Bridge they contain one or two 
large lenticiUar sheets of greenstone, and north of Gormyre, a bed 
of dull green calcareous felapatbic ash; but their charact^istic 
feature is the occurrence of two seams of limestone, — the upper 
marine limestones before alluded to. These two calcareous bands 
are well seen on the banks of the river Avon at Carribber, whence 
they range nortli to the shore west of Kinneil, and south by the 
western suburbs of Bathgate to Leven Seat. Here then is a 
definite horizon. These beds cover over the trappean ridge and 
extend into both the coal-fields, so that with them as an upper 
limit and the thick limestone as a base, we can compare the 
variations of the intermediate strata throughout the district. 

It appears, therefore, that the great ridge extending from 
Bathgate to Cocklerue is eminently trappean throughout its 
whole extent. At its southern end it contains limestones, shales, 
and sandstones only as occasional intercalations, while the mnin 
mass of rock consists of basalts and greenstones, with layers of 
ash. Advancing northward, we find these statifled intercalations 
becoming fewer, and the lava-form traps consequently thicker, 
until at the north end of the chain the whole series, from the 
thick hmestone of HUlhouse up to the upper limestone of Bowden 
Hill, ia so thoroughly trappean that we can detect in it only two 
thin intercalations of sandstone, together not a hundred feet 
thick. One of these ia the bed on the east side of Cocklerue, the 
other lies 200 yards west of Threegables. It is possible to esti- 
mate roughly the thickness of igneous rock here. A line drawn 
due east from the limestone of Bowden Hill to the thick lime- 
stone at Balvormie Cottage measures rather less than a mile and 
a half, about 7,000 feet. The dip of the rocks at the east end of 
this line is as high as 40°, near the middle it is 20°, and at the 
west end 13°. Taking 20° as the average, we get a total thick- 
ness of rather more than 2,300 feet, of which 2,200 ai-e probably 
trap. And let it be remembered that this section is taken at by 
no means the broadest part of the trappean ridge. On the con- 
trary, the line indicated is drawn across just befoi-e the trap 
takes the abrupt westerly turn to the Almond below Carribber, 
from which point east to Hillhouae the trappean ridge bos a 
breadth of more than 2 miles. I am aware tliat in such est 
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dilations regard must always be had to the possible concealment 
of beda by the superficial soil and drift. In this case some iater- 
calations of stratified material may e:xist unseen, but their extent 
iB probably not great ; and, judging at least from the intercala- 
tions that do occur, they are most likely to consist, in a large 
proportion, of ash. 

Having now pointed out the general distribution of the beds 
between the great limestone and the upper limestone at the 
south end of the trappean ridge, it remains to describe the rela^ 
tion of the beds at the north end, wliere they swell out into the 
coalfield of Borrowstounness. I have already remarked, that the 
greenstones thin away rapidly as they approach Linlithgow, and 
that the coals reappear somewhere in the neighbourhood of Long- 
croft House. The greenstone occurs all along the south side of 
the town of Linlithgow, but there is no evidence that it crosses 
the loch. The coal-bearing strata come in in a wedge-shaped 
form, thickening along the south of Glowerowrem Hill, and thence 
into the coal-field of Bon'owstounness, The trap which covers 
the upper part of that hill and extends to the shore may perhaps 
be connected with the highest beds of the Cocklerue ridge, but 
the point of connexion is obscured by a thick covering of sand 
and coarse gravel which fills the valley of Linlithgow westward 
for several miles. Above this trap another wedge of coal-bearing 
strata occurs which swells out northwards to form the upper 
part of the Eorrowstounness coal-field. These upper coals are 
covered by the upper marine limestonea, and this may give a 
good illustration of the discontinuity of the Borrowstounness 
and Bathgate coal-fields, for the whole of the upper and lowei 
series of the former disappear and do not cross the trap-ridge, 
while the upper limestones with their associated strata rest 
directly on the trap. 

The coal-bearing measures of Borrowstounness, like those oi 
Bathgate, repose upon the lower limestones of the Carbo- 
niferous Limestone group, and are surmounted by the higher. 
But while in the latter coal-field the underlying limestones have 
been laid open in an extensive series of quarries, their position 
below the former can only he conjectured, since no natural section, 
no quarry, and no mining bore reveals their position. 

The last place where the thick limestone is seen in its north- 
ward progress is the quarry of Hillhouse. We find blocks of it, 
however, as stated above, on the shore below Stacks, and these 
are probably not far out of place, seeing that exactly opposite, 
on the Fife coast, the limestone appears in great force. The 
dotted line on the map between Hillhouse and Stacks represents 
the probable line of outcrop of the limestone, as far as it can be 
determined from the evidence on the surface, and from bores for 
coal on the estate of Springfield. The gi-eenstone and basalt 
which run north from Hillhouse to Linlithgow are undoubtedly 
the same rocks which overlie the limestone at the former locality, 
and hence their eastern edge must veiy nearly correspond to the 
outcrop of the limestone. We have evidence of theii V«fi« -eAi "^Saa 
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Poor House, where a thin coal-seam along with some sandstones 
was found in digging for a foundation, and a coal, possibly 
the same as the last, was cut through in sinking a well at 
Hillside Cottage. These strata correspond in character and 
position, to those which at different points overlie the thick lime- 
stone. North of the town the greenstone disappears, and we 
obtain no section along this horizon imtil we come to the shore 
east of Carriden House. Proceeding westwards from the lime- 
stone blocks of Stacks, the first stratum visible on the shore is a 
thin bed of coarse calcareous grit, the upper surface showing the 
Cauda OaJM or ** Cock-tail '* markings, believed to be the impres- 
sions of sea-weeds. Some shales with fragmentary shells are 
associated with this grit, and above them comes a thick mass of 
well-marked felspathic ash, forming the high bank between 
Carriden House and the sea, and laid open in a deep ravine by 
the Carriden Bum, Ascending that nvulet we have a good 
section of the strata above the ash. There are first some fissile 
carbonaceous sandstones and shales, also seen in the quarry on 
the shore, and about midway in that series occurs a band about 
1 foot to 1| foot thick of coarse limestone ftdl of small encrinites. 
No further strata are visible in the glen, but there are some old 
crop-pits, marking that we have entered into the series of work- 
able coals. 



CHAPTER VII. 
' Caeboniperous Limestone of Linlithgowshirb — coTvtiTvued. 

BORROWSTOUNNKSS COAL-FIELD. 

The Borrowstounness Coal-field, lying as it does between the 
thick limestone that crosses from Hillhouse to Charleston and 
the upper limestones akeady referred to, unequivocally belongs 
to the Carboniferous limestone series, and occupies the m^e 
horizon as the Edge coals of Mid Lothian. Though of small ex- 
tent, and subdivided by sheets of hard trap -rock, this coal-field 
has been worked for centuries. It consists of two series of coak 
separated by a sheet or rather series of sheets of greenstone that 
make a total thickness of nearly 400 feet. This rock does not 
affect the quality of the coals, and throughout the coal-field the 
pits are invariably sunk through less or more of it to reach the 
seams below.' The subjoined section gives a generalized view of 
the strata forming the Borrowstounness Coal-field. 

The lowest coal in the series is the Carsey coal, a coarse seam 
which has never been worked, although some of the crop-pits in 
the grounds of Camden House may have been opened in Vok 
seam. The Stnithy coal averages about 3 feet ia thickness, but 
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is not now worked. In the deep 
boring at tKe Snab pit it was S feet 
10 inches thick, resting on thev 
ordinary sandstone pavement, and 
covered by shales which extend 
throughout the coal-field with a 
thiofcneBB of about 20 feet. The 
Easter Main coal averages about 
44 feet in thickness, and occurs from 
70 to ISO feet above the Smithy 
coal, the intervening strata being 
chiefly shales and thin-bedded saiuf 
stones, with a sheet of greenstone 
at the Carriden Manse. It has a 
sandstone pavement and roof, the 
latter being a bed from 60 to 70 feet 
thick, very persistent throughout 
the entire field 

The next seam is the Foul coal 
and Lower ironstone, now worked 
solely for the latter. The Foul coal 
consists throughout the field of seve- 
ral seams, with bands of ironstone 
and fireclay between- At No. 9 pit, 
about 180 yards north of Bonhard 
House, this seam is composed as 
follows : — 

FT. IS, 

Shale • - - 10 

Coarae ironstone - 16 



Toul parrot coal 
" Brown-stone" iron- 
stone - 10 iu. to 
Sandy fireday 2 iu. to 
Parrot coal - 8 in. to 
" Black-stone" iron- 
stone (inferior in 
quality) - 8 in, to 
DroBS coal 

CoDTse fireclay 9 in. to 
Dross coal 2 it. 2 in. to 
" Calm " - - 

Black hard shaly sand- 
Dross or Foul coal 
'Sandstone above Easter 
Mnin coal. 



The inferior quality of this seam 
has given rise to its najne. 

The " Red Coal " lies from 80 to 
108 feet above tiie Foul coal, the 
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strata between them being shales and sandstone banda It 
varies from 2 feet 9 inches to 3 feet 4 inches in thickness, lies on 
a bed of '' fakes/' or shaly sandstone, and is surmoimted by 
strata of a similar character. It is not now worked. 

Above the Bed coal there is in the east part of the field a depth 
of from 25 to 30 feet of shaly sandstones and shales, and then 
succeeds a great sheet of greenstone 1 10 to 150 feet thick, which 
extends throughout the entire coal-field, and has been pierced in 
all the pits sunk to the Lower ironstone. Although it is mapped 
and described as one sheet, from the impossibility of tracing the 
intercalated strata which subdivide it, it in re^dity consists of 
several sheets at least in the east part of the coal-field* Thus, in 
the Kinglass Engine pit, it consisted of three zones, the upper 
(about 20 feet) separated by some 30 feet of shales from the lower 
beds, which again had between them a thin intercalation of very 
hard sandstone, called " red-stoneu" In the Snab pit, a coal which 
from its position in the section appeared to be the Red coal, was 
found to be surmounted by one imdivided sheet of greenstone, 
91 feet 6 inches thick. 

VT. IN. 

Shale. 

Greenstone - - - 

Coal .... 

" Calmstone " - 

Coal .... 

"Fakes" 

Greenstone - - . 

Sandstone - - . 

In this section another greenstone occurs below the Red coal, 
and it may be remarked generally that the aggregate thickness of 
the traps is greater in the deep sinkings in the west part of the 
field than towards the east. 

An average thickness of about 30 feet of various strata inter- 
venes between this lower greenstone and an upper sheet. The 
most important member of this intercalated group is the Wester 
Main coal, a seam which was formerly extensively worked, since 
it reached to a thickness of sometimes 12 feet. It in some places 
appears to rest directly on greenstone, and is even occasionally 
covered by it as in the tramway east of Bum pit. More fre- 
quently, however, it has a sandstone roof and a superincumbent 
thickness of 15 to 20 feet of shales and shaly sandstones. Towards 
the dip, that is, westwards, it dies away altogether, and in the 
Snab pit section its place was found to be occupied hy about 
13 feet of black shale, immediately covered and underlaid by 
the trap. Hence the Wester Main coal has now been entirely 
exhausted. 

The upper greenstone, like the lower, consists, eastward, of more 
than one sheet, but its subdividing shales, &c. are not persistent 
In the Snab pit section, the shales which represent the position of 
the Wester Main coal are overlaid by one continuous sheet of 
greenstone, 265 feet thick, which was cut through at an enonnoos 
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cost, in the hope of reaching the yet untouched portion of the 
thick and valuable coals that crop in the eaat part of the field. 
But the Wester Main coal, as just remarked, was found to have 
disappeared ; there waa no Lower Ironstone, and nothing else of 
sufficient value to repay the cost of extraction. In No. 3 pit, 
where another deep sinking was mode with a similar design, 
although the ultimate success was no better, some curious fiicta 
were discovered. In the descent, the usual strata, sedimentary 
and igneous, occurred, and at length, though sooner than had been 
anticipated, the top of the thick greenstone was reached. It was 
piercai to a depth of 150 feet, when a series of sandstones and 
shales succeeded, containing what was believed at the tftne to be 
the Wester Main coal. The stratified beds formed an intercala- 
tion of about 30 feet, below which greenstone was again bored 
through to a depth of 138 feet. Here the auger struck upon a 
rich seam of coal, 9 feet thick, supposed to be the Ked coal, though 
if BO it certainly lay much higher in the series than in any other 
part of the field. The pit was accordingly deepened to this 
valuable winning, and the coal began to be worked. The quality 
proved to be excellent, although covered and underlaid by the 
greenstone. But in a very short time it was discovered that the 
seam formed a mere local layer, filling an irregularly circular 
hollow in the lower greenstone, and though mines were driven 
into the contiguous rock in several directions, no trace of coal 
could be found. The boring was, therefore, resumed, but after 
passing through an apparently interminable thickness of green- 
stone, the pit waa finally abandoned. 

The occurrence of this lenticular patch of imaltered coal between 
sheets of lava-form trap afibrds an interesting corroboration of 
the inference deducible from the sarfiwe geology, that the igneous 
rocks of this dictrict date their production from the same period 
with the formation of the coal-field. There would seem to have been 
a depression on the surface of one of the subaqueous lava streams, 
where vegetable matter accumulated prior to the next ejection of 
igneous matter. The absence of metamorphism along the upper 
surface of the coal, though remarkable, is not inexplicable, more 
especially when we remember how trifling is the alteration pro- 
duced on coal-seams by undoubtedly intrusive rocks in not a few 
parts of the Scottish Carboniferous area,* 

The 265-feet greenstone of the Snab pit, after a capping of 5 
or C feet of shale, coal, and sandstone, is succeeded by another 
greenstone about 20 feet thick, after which come the regular 
strata of the upper series of coals of the Borrowstounness field. 

* I know of no more beandfiil and convincing proof of tbis than is afforded ^y the 
section in an old qnarry al the Townhill collierj, near DuofermliQe. A bed of green- 
atone hKfl there insinuated itself between a bed of coal iuid Bome shales and sandstone, 
yet the coal has been worked with the greenstone for a root^ and worked, too. up to 
the Guribce, as (he old mine at the west end of the quarry aduiirably shows. The 
coal is D little hardened, but certainly not cLarred, while ihc groenatone seems to have 
BaETered more iVom the contact than its neighbours, its centre being firm, compact, and 
&indy crystalline, whilv the upper and under boi^cs haye an cuthy, decomposicij 
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Of these the lowest of importance is thn " Spven-foot Coal " tmd 
" Upper Ironstone," which lie about fiO to 70 feet above the l«it 
greenstone. In the Snab pit tUeee two seams show the following 
intercalations : — 
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The most valuable part of this section is the ironBtone, althol 
its quality fella short of that of the Lower Ironstone. It crops 3 
the shore about 120 feet west from the parish church of Boitowb- 
tounn^s ; thence it stretches south to Newton, beyond which, 
though its position continues, the ironstone itself dies out, its 
place being taken by coal and shale. This rapid attenuation (» 
sudden di^ppearance is a phenomenon much more frequent 
among ironstones than coals. A coal-seam can often be traced 
in unbroken continuity over a wide extent of country ; but a 
black-bond ironstone seldom occurs in the Scottish coal-fields 
other than locally. It occupies an in-egular area, which does not 
depend on the present configuration of the rocks, but must have 
had the same definite outlines during the formation of the Beam. 
The ironstones are commonly associated with parrot or ca/rmel 
coal, into which they very generally paes along their outer limits. 
After an interval occupied by coal and shale, the ironstone may 
come in again in another UTCgular patch, and thiB may go on 
even over an entire coal-field. But the identification of two 
ironstones in different parts of the country, merely from their 
general agreement in stratigraphical position, is not always Ba.fe. 
The only stratum in a coal-field where such an identification can 
usually be made with some approach to certainty is a band of 
marine limestone, especially those bands which have been already 
referred to aa overlying the coals of Borrowstounness and 
Balbardie, and separating these fixim the Upper Coals of the 
Linlithgow and Stirling basin. 

After passing over two or three unimportant seams of coal, we 
come to the " Splint Coal," from 1 00 to 1 20 feet above the Upper 
Ironstone. Its average thickness is about 2 feet 4 inches, though 
in some places, aa in the Snab pit, it has a lower impure seam of 
a foot or less in thickness. It rests on a thin seam of fireclay, 
and is surmounted by shale. Like the Upper Iron-^tone and all 
the seams above, it lius entirely in the west half or upper divinon 
of the Bon-owstoumiesH field, since its crop rises to the surfiuse m 
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the old graveyard on the sliore -west of the town of Boirowatoi 
nesa, whence it i-angea south towards Linlithgow. 

In the Snub pit, about 140 feet above the Splint coal, lies a 
seiim ()f limestone 15 or 16 inches thick, containing Prodnotiis 
gigavteus (small variety) and crinoid sterna — a marine band. It 
is aeen also at the entrance to the fireclay workings at Kinneil. 
In the interval between the coal and this limestone a band of 
greenstone occui-s, which at the Snab pit measured 51 feet tliick ; 
a (juarter of a mile north-east, at pit No. 21, 50 feet ; at pit No. 3, 
half a mile south of the last, also 50 feet, Thia eeam of igneous 
rock, like those already noticed below it, produces no deteriora- 
tion in the quality of the adjacent minerals. In the Snab pit its 
npper surface has a covering of between S and 9 feet of shale and 
foul coal, above which comes anotlier band of greenstone 5^ feet 
thick. It must be either this upper bed, or the lower one very 
much diminished, which occurs in the subjoined section, taken at 
the rocky bank by the roadside to the east of the Kinneil 
distillery. 

Clay and soil. 

Impure limestone, 2 ft. 3 in. (encriaiteB, product!, &c.) 

Fireclay and shale. 

Fissile Bandgtone. 

Shaly fireclay. 

Band of hard femiginouB grit. 

Greenstone, 6 or 8 feet. 

Coarse quartzoae sandstone (indurated atop). 

The limestone in this section is the same as that of the Snab 
pit, and is also seen at the mouth of the fireclay excavations. It 
haa been foond in the same relative position as regards the 
greenstone in pits No. 24 and No. 3. 

The fireclay to which reference has just been made is about 3^ 
feet thick, and overlies the limestone. It is extensively mined 
for the purpose of making fire-brick, &c. 

The bed which covers this fireclay occupieBj from its dimen- 
sions and peculiar aspect, a conspicuous place in the measures 
of this western part of the coal-field. It is a yellow quartzose 
sandstone, soft and easily worked, occurring as one undivided 
lied 79 feet thick. It forms the roof in the fireclay mines, and 
extends westward from the distillery to the back of the iron 
works aa a low cliff, once the upper limit of the old coast line. 

A coal about 2 feet thick, with a thin shale parting in its 
centre, lies about 14^ feet above thia sandstone ; and tliia is the 
last of the seams laid open by the deep section of the Snab pit. 

The Splint coal is the highest of the valuable seams in thia 
coal-field. The strata which overlie it have been bored in many 
places, but no continuous section haa been made between it and 
the Upper Limestones, and the actual thiclineas of intervening 
strata is therefore unknown. Measured acro-ss the strike of the 
beds, the space between the outcrop of the Splint coal and thj 
of the lowest of the upper limestones occupies a mUe, and thia 
7' gives in round numbers a vertical thiokiics&Ql ^^QVk4?b' 
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the two seams. But the actual depth of strata must be more 
than this calculation would indicate, for the bores that have been 
put down to the west of the Snab have not reached the Snab pit 
seams, though carried quite deep enough to have done so had the 
dip of the strata continued regidar. On the whole there seems a 
probability of a line of fault running from south-east to north- 
west, and crossing the shore near Elinneil House — ^a conjecture 
which had also occurred to Mr. Begg, the manager of the Kinneil 

Ironwoits. 

Some thin seams of coal have been mined in former times, to 
the west of Kinneil, but no record appears to remain of the 
workings. In the bores put down by the Kinneil Iron Company 
to test the nature of the strata between their Splint coal and the 
lowest or Dykeneuk limestone^ nothing in the form of coal was 
obtained, save some impure bands never more than a few inches 
thick. In the most easterly of the bores, which was sunk at the 
DeU's Kitchen, west of the north gate to Kinneil House, a depth 
of 300 feet was bored through without meeting with a single 
seam of coaL 

Only a very few words are needed in explanation of the outcrop 
and faults of the seams in the Borrowstounness Coal-field. 

The lower seams, i,e., those below the great dividing zone of 
greenstone, after following a sinuous course in an E. by S. 
direction along the declivity from the town of Borrowstounness to 
Carriden Church, trend towards the south, and following still the 
curves of the greenstone hills, sweep southward along the eastern 
flanks of Bonnytoun Hill, imtil they are lost in tiie trappean 
region beyond Linlithgow Loch. 

The greenstone beds take the same direction. They form the 
higher ground between the sea and Linlithgow, and can be traced 
with certainty to the south-west end of Bonnytoun Hill, near 
Balderston. South of this point the enormous depth of sand and 
gravel which supervenes prevents any rock from being seen. The 
greenstones however seem to pass below the ash of Balderston, 
whence they probably stretch across the valley of Linlithgow to 
join the masses of Kettleston. 

The upper coals of Borrowstounness all crop to the west of the 
town. From the shore they are worked for rather more than a 
mile to the south. Beyond this there is a great lack of informa- 
tion, from the confused and unsatisfactory results of the bores. 
The whole of the series appears to be rapidly thinning out towards 
the great trappean region, and hence it becomes almost impossible 
to identify seams in the bores even at short distances The coals 
which have lately been found above the ash at Balderston would 
seem from their position (only a short way below the Dyke- 
neuk Limestone), to be lugher than any of the Snab seams, 
but in that case these latter seams must have entirely thinned 
away. It will be impossible to speak with certainty upon these 
points until more detailed information is obtained regarding the 
ground between Borrowstoun Mains and Balderston. In the 
meantime there can be little doubt that the ash of Little Mill and 
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marked, thougli low, escarpment of gi-eenstone runs there in i 
due east ajid west directiou, aad would undoubtedly at firat 
sight be set down aa the side of an intruded dyke. In reality, 
however, aa disclosed by the subfceiTanean workings, this eicarp- 
ment arises &om a small fault which has depressed the beds 
along the north side to a depth of 12 feet. Tlie superior per^ 
nianence of the outstanding greenstone ha^ enabled it in some 
measure to withstand the old denuding agencies, and hence the 
undepressed side still rises in a conspicuous ridge above the other,* 
Another though less marked instance is exhibited by tlie most 
powerful fault in this coal-field. This dislocation has the usual 
strike, and runs along the valley from Bouhead Mill westward 
by the north side of Bonnytoun HilL Its amount at the west 
end iu a line due south of the Burn pit must be at least 120 feet 
of downthrow to the north. To this subsidence is due the rapid 
descent of Bonnytoun Hill into the valley on its north side. 

Uppar MariitAi Limestonca. — Eeference has often been mads 
in the preceding pages to two seams of marine limestone which 
overlie the trappean ridge of the Linlithgow Hills, and likewisa 
the coals of Ealbardie and Borrowstounneaa. They form tlia 
dosing part of the Carboniferous Limestone series not in tWa 
county alone, but apparently oyer a considerable extent of 
central Scotland. They occur (aa three bands) in the Edinburgh 
coal-field on the east (see Chap. 8, pp. 73 and 75), extending north 
into Fife, and westward into the coal-fields of Stirling and 
Lanark. 

The relative position of these limestones above the Borrowa- 
tounness cuals is well shown along the old coast line west of 
Kinneil. In the railway catting near Dykeneuk the lower 
seam uccius in three bands with shales between, the whole 
having a thickness of about 7 feet. The strata both above and 
below consist of shaly sandstones, shales, and thin coals. From 
this point it runs south through Kinneil Wood to the River Avon 
above Kinneil Mills, where it occurs in the ravine of a smaJl 
rivulet descending from the north. It then trends to south-east 
crosses the Avon again at Little Mill, bends south-westwai'd and 
recrosses the stream below Linlithgow Bridge, It keeps the 
Stirlingshire side of the Avon until it crosses at Woodcookdale 
House, and after once more passing to the west side below Muij> 
avonside, it finally trends into Linlithgowshire below Easter 
Carribber, Its southward progress, however, cannot be liirther 
ascertained, and there appears reason to believe that this Iowa- 
seam never formed completely over the Cocklerue ridge, and that 
hence its outcrop is interrupted. 

One or two sections in which this Kmestone occurs deserva 
notice, Where it first appears on the Avon a little above the 
mills it is undei-laid at a short distance by a tliick bed of green 
felspathic ash, admirably exhibited in the cliff below Little Will 
This rock presents the usual features, and contains large bomba 

* T&a tramway at tfiis point ehows tbe mlereBling secfii 
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and smaller balls of basalt and gren^iiatone, with fragments of what 
eeema an older aali. Another chai'acteristic section occurs higher 
up on the right bank of the Avon near Eaater Caniber. A 
peculiar greenish mudstone occurs a short way below the lime- 
stone, containing Producfus giganteus, Stropkomena creniatria, 
Feneatella, A ulophylhini, &a The limestone itself lies in a triple 
band in the cliff, of which the subjoined table gives the details : — 

Dark sandy shale. 

Impure limeatone - - - - 6 

Dark shale - - - - - 6 

Compact limeatone - - - - 3 

Shale parting. 

Limestooe - - - - - 8 

Dark shale. 
The strata between the two limestones consist of sandstones, 
shales, and some thin seams of coal. They ore well seen along 
the railway west of Dykeneuk, also in the Avon, below Kinneil 
Mills. One of the most noticeable beds is a coarse gritty sand- 
stone, immediately below the upper limeatone, quarried at 
Craigenbuck and exposed at the Avon above the railway viaduct. 
It apjjears to thin away southwards, and indeed the two lime- 
stones approach much closer to each other at Carribber than on 
ttie shora This is not alone due "to the higher angle of dip at 
the former locality, but also in part to a general decrease in tho 
thickness of the intervening strata. 

The upper limestone has a thickness of 7 or 8 feet. It may 
be seen in the old quarry at Craigenbuck. Thence it ranges 
south to the viaduct over the Avon, where it is at present 
quarried for the Kinneil blast furnaces, llie seam there exposed 
is about 7 feet thick, lying between two masses of shale, and 
with a thin ahaly parting. It occurs at the canal aqueduct over 
the Avon, and crosses into Linlithgowshire again at Carribber, 
where it dips below the great sheet of greenstone forming Bow- 
den Hill and the range of hilly ground southward to Torphichen. 
The section on the aide of Bowden Hill above the quarries is as 
follows : — 

Groeostone, forming the upper part of the hill. ft- "*■ 

Soft white ahaly eandatone - - - - 1 3 

Harder sandy hands - - - . - 6 

Coarse calcareous bands, very hard, ailiceous, and nodular 1 fi 
Coarse sandy Umestone, more sandy towards base, about - 6 
Brown and grey sandstone - - - 7 to 8 

Blue shale - - - - - - 1 6 

Blackish sandstone - - - - - 3 6 

Thinly laminated shaly sandstone, with plants - - 1 4 

Dark blue sbale, with a hard band - • - 1 4 

Upper Limestone : 

Black, very hard, ahaly hmcatone - - - 1 4 

Hard, compact, grey HmeBtono . - . 

Nodular seam of sulphate of barytes. 
Shale. 

Towarda the base of the ^mestoTiB 4e\iW^e*S. wJo^i <>''- NxaQ- 
pjiites are abuadant, and a Beaao. oi B\ii.-5bB!» «& \aBriN««>'^^ 
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the pavement. The limestone (l in fig. 16) has been quarried 
below Bowden Hill from side to side, and suffera no disturbunce 
from the vast mass of gieenstone which covers it. The atructm 
of this part of the country is shown on fig. 1 6. South of Loc' 

Fig. 16. 



cote the great depth of drift along the east side of the hill 
obscures the ground, and the limestone is not again seen at tlie 
surface for a long distance. Between Lochcote and GJonnyre a 
thin seam of felspatliie aali occurs. 

The greenstone forming Bowden Hill stretches north-west into 
Stirlingahire and southwards beyond tlie village of Torphichen. 
It forms one of the largest undivided areas of trap in the district, 
and, as shown in the preceding section, is a true sheet, and not 
an irregulai' amorphous mass. 

Further details of these limestones, especially of their southern 
prolongations, as well as of the great coal-bearing series which 
covers them at Bathgate, will be given in the Memoir to accom- 
pany Sheet 31. Having now traced the whole of the Carbo- 
niferous Limestone series of Linlithgowshire, from lase to top, 
with its remarkable associated series of interbedded igneous 
rooks, it is necessary to return to the Edinburgli district, in order 
to see there a less complex development of the same series. 

A.G. 



CHAPTER VIIL 
The Mid-Lothian Coal-Field. 
(Carboniferous Limestone.) 
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In describing the structure of this coal-field it will be con- 
venient to divide the subject into the three following sub- 
divisions, which have also been distinguished on the Geological 
Survey Map by three different colours : — 

1. The Carboniferous Limestone series, with its associated 

beds of marine limestone, coal, ironstone, fireclay, sand- 
stone, and shale. 

2. The Millstone Grit, consisting principally of coarse red and 

white sandstone and conglomerate. 

3. The Coal-measures, which He in the centre of the basin, the 

equivalents of the Coal-measure strata in the midJand 

and south-western counties of England, and in Wales, 

and which here include two series of coal-beds, inter- 

BtratiBed with strata oE aaadatoTie, feeiAa^, t^a^-vtoiv- 

atone, and ehale. 
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These three subdiviBions constitute what Ib known as the 

Mid-Lothian Coal-field, and as developed in this district attain 

an average thickness of about 3,150 ieet, distributed in the 

following proportions : — ,t. 

Carboniferous Limeatono scries - - 1,590 

MiUstone Grit 340 

Coal-measures - - , - - 1,220 

They pass gradually into and are completely conformable to 
each other, so much so that it has been hitherto found impossible 
to draw any well-defined boundary between them on the map. 

The general basin-shaped form of the coal-field will be seen 

from the horizontal sections, Plate I., and the position which 

the above series of rocks composing it hold to ea«h other 

is shown in the vertical section, fig, 17- The former, taken 

Fiff. 17. — Vertical Section of the Mtd-Lothian Coal Field. 
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across the northern and central parts of the district, give the 
different formations in their most complete development, and 
are on a scale of one inch to a mile ; and the latter, which is 
framed from actual borings, gives the tliickneHB of the Car- 
boniferous rocks in the neighbourhood of Dalkeith, from the 
highest beds in the Coal-measures down to the lowest bed of 
marine limestone in the Carboniferous Limestone series. 

I. Tlie OwrboniferouB Limestoite Series. — Of the various strata 
which make up this formation, the limestone beds form a very 
small proportion, being only six in number, and having an 
average thickness together of about 40 feet. Tlie most im- 
portant of these lie at the base of the series, and are generally 
separated into three by partings of other strata. The remaining 
beds are higher in the series, and are separated from the former 
by a considerable thickness of sandstone and shale, together 
with some of the principal seams of coal that are wrought in the 
coal-field. 

By referring to the Geological Survey Map and the Index, 
Plate I,, of which this Memoif is a description, the three lower 
beds of limestone will be seen forming a continuous belt on the 
west side of the basin at the liase of the Carboniferous Limestone 
series. Commencing on the shore at Portobello, they strike in a 
south-west direction tiu-ough Duddingstoa Mains and Niddry. 
to Gilmerton, at which place they bend round in a horse-shoe 
form by Moredun, and from thence continue through Dryden, 
the Bush, and Glencross Water, dipping a little to the south of 
east at a very high angle. Between Glencross Water and Peni- 
cuik House, a distance of nearly three miles, these limestones 
have never been seen or proved, on account of the great thick- 
ness of drift which obscures the whole of the underlying strata. 
In the grounds of Penicuik House the same limestones again 
appear, still inclining at a high angle to the south-east, and 
strike in a south-west direction through Brunstou and Nine- 
mile Bum to Newhall, at which place they cross the Morth Esk 
River, and pass into Peeblesshire, skirting round a portion of 
the coal-field which runs into that county. As shown on the 
map, the Carboniferous Limestones rise on the opposite side of 
the coal-field, and make their appearance at Aim's Mill and 
Mosshouses, dipping to the north-west at an angle of from 20° 
to 30°. Bending round the small promontory of the Lower 
Silurian rocks near Femiehole, the limestones flatten out, and 
at the same time become much thicker, and the intermediate 
strata also become so calcareous that it has been found imprac- 
ticable to draw any definite lines showing each bed separately, 
and from this point along the southern outcrop of the coal-field 
they have been massed together and mapped as if in one bed, 
although they are still divided by thin intervening strata ol 
sandstone and shale, for which, as just stated, it has been found 
impossible to define a continuous boundaiy. 
As seen on the map, these limestones form a belt from half a 
miJe to 1^ miles broad, cropping out a\ong &» wiM'^GfeTa. \i\a\ts of 
the coaI-£eld at Moont-LotMan, ¥o\m.\.am^i.fe, ^s^isiWiTi, KxtASr i 
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ton, Middleton, and Crighton, which continues from thence east- 
ward into Haddingtonshire. 

The same limestones also rise to the surface along the ridge 
which forms the anticlinal curve between the Mid- Lothian and 
East-Lothian coal-fields, and occupy two inlying areas, one at 
the Koman Camp, and the other a little further to the north, 
between Coldwells and Cousland. 

Associated with these limestones, and lying immediately under 
the middle one, is a bed of coal, known on the west side of the 
coal-field as the North Greens Seam. It varies much in thick- 
ness and quality, -but is generally constant over the whole dis- 
trict, although it has never been wrought to any extent on the 
east side of the basin. 

The three other beds of limestone which occur higher in the 
series, are not so well known as those whose general outcrop has 
just been described, and it has not been possible to lay them 
down on the map in a continuous line throughout the whole 
coal-field, although, from the detached places where they are 
seen, there can be little doubt that they are constant over the 
district, The two upper beds crop out on the shore at Joppa 
near Portobello, on the west side of the coal-field, and the third, 
although obscured by sand on the coast, is exposed inland at 
Joppa qualry. Further to the south-west they are all seen in 
Dryden Bum, near Loanhead. From this point to Greenlaw 
they are not visible, the country being thickly covered witli 
Drift where they should appear. At Greenlaw the lowest bed is 
exposed in the burn at Greenlaw Mains, and in the grounds of 
Penicuik House the two lowest beds crop out in the North Esk 
River at the saw miU. 

On the east side of the basin the same three limestones can be 
seen on tlie shore between Westpans and Prestonpans, and inland 
the two lowest have been proved in Wallyford colliery, and also 
at Cowden coUiery and the New Mills level near Dalkeith. In 
the South Esk River, at Amiston,the highest bed is seen, and from 
this point they are not visible till we get to Penicuick, where the 
two highest are exposed in the North Esk at Valleyfield MiU, 
and about a mile further south in Black Bum. At nearly all these 
places they can be easily recognized from the seams of coal with 
which they are associated, and which have in most places been 
wrought. 

In describing in more detail the beds of limestone, coal^ and 
other strata which compose this series of rocks, it wiU be conve- 
nient to take them in the following sections, viz. : — 

A. The three lower limestones, with the North Greens coal- 

seam. 

B. The beds between the third and fourth limestones. 

C. From the fourth limestoTie up to the base of the Millstone 

Grit. 

A. Lower Limestones and North Greeua Coal. — O^^'Si'^^-^'e^ 
at Tortohello the strata are covered "b\ ^asvd ^TidL\>T^^^^>:s^^^'^ 
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rocks can be seen ; but indications of the limestone henle were 
found in digging the foundations of the houses at the east end of 
the town, so that the position in which they are laid dowii in 
the map on the coast is only approximately true. 

The firat place where we hiive any evidence of these strata is 
at Eaat Duddingston, where two beds of limestone were found 
during the excavations for the foundations of some buildings. 
According to Mr. Milne* one bed was from 2 feet to 3 feet thick, 
and the other about 6 feet. These were probably the two lowest 
beds. 

The next place where they have been seen is at Niddry mill, 
having much about the same thickness, and from thence they 
continue almost in a atiuigbt line through Niddiy and Edmonstoa 
to FerniehilL Here the lowest limestone has been exten- 
sively wrought in former times, and dips to the south-east 
at an angle of 30°, From this point the strata make a sudden 
bend, and the limestone can be traced by means of the old quarries 
through Moredim Mains to Eurdielionse Bum, dipping a little to 
the south of west at an angle of from 30° to 40°. At Burdiehouse 
Bum the strata make another sudden turn, and strike to the 
south-west to Moredun mill, clipping to the south-east at an angle 
of 50°, and gradually curve round by tlie village of Stenhouse to 
Hynot's mill, where the limestone dips due nortii at 15°, farming 
between this place and Ferniehill a complete trough. Here, 
again, the lowest limestone tui-ns suddenly, and strikes nearly 
due south, and its outcrop is clearly defined for nearly a mile 
along the range of the Gilmerton quarries. It is 10 feet thick, 
and of a dark blue crystalline character, surmounted by a con- 
siderable thickness of calcareous and black shale, from which the 
following fossils have been obtained i — ProductUB longispina, 
P. 8ermretieu.lixius, Chonetes SardrcTiais, Aviculopecten arena- 
ceiis, and ajiother species, Gtenodonta, (Nucula) hreviroatTU/m, 
a Macrocheilus, FenesteUa plebeia, &e. 

The second limestone and the North Greens coal, after paasing 
Ferniehill, do not bend round and follow the same direction as 
the lowest bed, but continue on in the same strike, making only 
a slight curve between the village of Gilmerton and Moredun. A 
detached portion of these strata he in a small basin by themselves 
within the trough formed by the lowest limestone at Moredim. 
The North Greens coal is here nearly 4 feet 6 inches thick, of 
which 1 foot 6 inches is " Parrot," and the rest, in the nomencla^ 
ture of the district, a " Rough coal." The limestone which lies 
above is 6 feet thick, and is separated fi-om it by 1 7 feet of strata 
consisting of sandstone and shale. 

The third limestone, which has never been seen between the 
shore at Portobello and Gilmerton (although it is most probable 
it would be found close above the " Vexliim " coal), ci-ops out 
immediately to the east of Gilmerton House, and was passed 
through in a pit which was sunk to the North Greens coal. It 

* Memdr on the Hld-Lotbiao Coal-field, p. be. 
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was hei'e 5 feet thick, with 19 feet of calcareous shale above, and 
the *' Vexhim '* coal, which is 2 feet 2 inches thick, lies below, 
and is separated from it by 11 feet of black shale. The following 
section* gives in detail the character and thickness of the strata 
passed through at thiis pit, from the third limestone down to the 
North Greens coal. 

Section of the Strata in the Engine Pit^ near Gilmerton House, 

Calcareous shale (limestone blaes) 
Limestone (third bed) 
Shale (blaes) . . - 

Vexhim coal - - - 

Shale (blaes) ... 
Coal - - . . 

Sandstone (freestone) 
Shale (blaes) . - - 

Sandstone ... 

Shide (blaes) - - - 

Calcareous shale (limestone blaes) 
Coal - - . . 

Micaceous sandstone (fakes) 
Shale (blaes) . - - 

Sandstone (freestone post, and fakes) 
Shale, with ironstone balls (blaes) 
Micaceous sandstone (fakes) 
Calcareous shale (limestone blaes) 
Shale (blaes) . - - 

Coal .... 
Fine Splint coal 

Sandstone (freestone and fakes) - 
Shide (blaes) - - - 

Carle .... 
Coal . . - - 

Shale (blaes) - - - 

Red sandstone - - - 

Shale rblaes) ... 
Shale (blaes) - - - 

Limestone (second bed) - 
Shale (blaes) . - - 

Sandstone - - - 

Clay . - - . 

Sandstone (freestone and fakes) - 
Shale (blaes) . . - 

Sandstone (fakes) 
Shale (blaes) 



T^ . , f Parrot coal 
jNorth I jj^^ ^^j^^ (ironstone ?) - 
brreens< -phQ^lBj . 
coal. |^p^o|;t an^i Rough coal - 



Total 
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* Commanicated by Mr. Marshall, Mining Engineer, Edinburgh. 
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From this section it appears that between the second and third 
limestones there are 520 feet of strata, consisting of alternations 
of sandstone, shale, and thin beds of coal, and that the North 
Greens coal lies about 26 feet under the second limestone. The 
lowest bed is about 90 feet below this, but the details of these 
strata have not been proved. 

After passing Gilmerton the three limestones approximate 
again to each other at West Edge, on account of the uniformly 
high angle of inclination which the beds here assume. Between 
West Edge and Loanhead they are shifted forward to the south- 
east by three successive faults, which are all " downthrows'' on 
the south-west ; but the precise amount of the " throw " where 
they affect the limestones is not correctly known. Passing 
through Loanhead at the west end of the village, the lowest 
limestone crops out at the Fountain, and the North Greens coal 
and second and third limestones a little further east, the whole 
having a dip to the south-east of 40°. Between Loanhead and 
Bilston Bui-n they are again shifted by three faults, which have 
been proved in the coal workings ; but the extent to which they 
affect these strata is also not known, although it is probably very 
trifling, for immediately beyond the three limestones are seen in 
the deep ravine near Dryden, crossing Bilston Bum in neaiiy the 
same line of strike. The section of the strata exposed here is 
exceedingly clear, for the whole of the lower limestones in succes- 
sion can be seen dipping to the south-east, at an angle of 40°. 
The first is 10 feet thick, and very similar to the same bed at the 
Gilmerton quarries, and has been worked here to some extent. 
The North Greens coal is 4 feet 6 inches thick, and was wrought 
to a considerable depth in the year 1709. The second limestone 
lies about 20 feet above the coal, and is 6 feet thick ; and accord- 
ing to an old section taken in the year 1694 the third bed is 300 
feet above this, separated into two beds by a parting of calcareous 
shale, and is 10 feet thick. 

These strata are not seen again till they cross Glencross Water, 
a distance of nearly two miles, the intervening country being 
much covered by Drift, and there are no njttural sections to 
expose the rocks beneath. One of the limestones is said to crop 
out behind the cottages of Gowklie Moss, but which bed could 
not be ascertained. The third limestone has been quarried 
within the grounds of The Bush, where it dips to the south-east 
at 65°. 

The section exposed in Glencross Water is not very clear, and 
the rocks are only laid bare for a short distance. The three 
limestones and North Greens coal can, however, be distinctly 
made out, the latter having apparently been wrought at some 
former period, but there are no records showing to what extent. 
The other strata have much the same thickness as at Bilston 
Bum, and the whole dip south-east at an angle of 65°. 

As previously stated, the lower strata of this series between 
Olencross Water and Penicuick House are obscured by a very 
thick deposit of the Drift bouldex-cVay, a,ixA.\jW ^cjssvJC\'<>\i\5^>?rhi^ 
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the three lower Kmestones are laid down on the map is not 
intended to be definite, but to show the probable line of outcrop 
beneath the overlying drift, and also their connexion with the 
same strata which are exposed in Harken Bum, the next place 
where they are seen in section. This has not been done entirely 
without data, for although none of the rocks are visible, some of 
the coals which lie above the limestones have been formerly 
worked at Greenlaw and Mauricewood. One seam especially, 
the Corbie Craig, has been much wrought, aad its average di^^ 
tance above the third limestone is known ; and the whole of the 
strata being at this point in nearly a vertical position, the thick- 
ness of the beds between them will be about the distance at 
which the third limestone will crop to the surface west of the 
Corbie Craig coal. There is only one place that helps to connect 
the limestones between Glencross Water and Harken Bum, near 
Penicuick House, where the strata are again seen. This occurs in 
a small bum in the grounds of Penicuick House, between the 
North Lodge and Carsewell. A bed of limestone is here laid 
bare dipping south east at an angle of 70°, and it so exactly 
coincides with the position in which the third bed ought to be 
found that I have had no hesitation in mapping it ap such, 
although only a very small portion of it is exposed. 

In Harken Bum the strata are considerably broken and con- 
torted, which is accounted for by a fault which runs in a nearly 
north and south direction, and throws down the strata on the 
west The second and third limestones are only exposed here, 
the former having increased in thickness, and being in two beds 
separated by shale, the latter being also a double seam, but on 
account of the disturbed state of the strata the thickness of 
neither could be ascertained with correctness. Between Harken 
Burn and Nine-mile Bum the whole of the beds have been 
proved and wrought at Brunston colliery, and also the North 
Greens coal, which is here 1 ft. 6 in. thick.* 

After being slightly interrupted by a fault which runs north- 
west and south-east through Brunston colliery, these strata are 
next seen in Nine-mile Bum, much disturbed and contorted, the 
beds in some places bent over, and having a reverse dip to the 
north-west towards the Pentland Hills. 

Section of the Lower Limestones in Nine^Mile Bum. 

FT. IN. 

1. Black shale. 

2. Greyish blue crystalline limestone (No. 1) 

3. Shale, with ironstone balls and sandstone 

4. Limestone - - - - 

5. Sandstone - - 

6. North Greens coal . - - 

7. Yellow sandstone . - - 

8. Limestone, crystalline, with Lncrinites, 

Spirifers, and small Producti. 

9. Calcareous and black shale. 
10. Limestone - - -^-^ -"^^ 
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11. Calcareous and black shale, and sandstone. 

12. Limestone - • - - 

13. Sandstone - - - - 

14. Limestone - - - - 
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12 





4 






It will be seen from this section that the limestones on the 
whole have changed considerably and become of greater thick- 
ness, and that the intermediate strata have thinned away. The 
vertical position, and in some places reversed dip, which the beds 
here assume, is due to their proximity to the great fault which 
runs along the east side of the Pentland Hills. 

Immediately after crossing Nine-mile Bum, the limestones are 
thrown up and shifted slightly to the eastward by an east and 
west fault, the amount of "throw" of which is not known. 
Beyond this fault they continue through the grounds of New- 
hail House to the North Esk Kiver at " Peggy's Pool/' where 
the strata making a sudden bend, roU over, and dip towards the 
west, and curving sharply round on the north side of the river, 
re-cross the Esk in a vertical position at the foot-bridge near 
Amazendean, thus forming an anticlinal and synclinal axis be* 
tween Habbie's Howe and the foot-bridge. 

After crossing the North Esk Kiver the limestones continue 
for a short distance, and are then interrupted by a large fault 
having a " downthrow " to the north, which shifts the strata to 
the east as far as Kittly Bridge in Peeblesshire. From this point, 
as previously stated, they skirt round a portion of the coal-field, 
which runs into that county as far as Magbie Hill, and next 
make their appearance in this Map on the opposite side of the 
basin, about 2 miles south-east of Penicuick at VentUrefair and 
Mosshouses. It appears that here there are only two main beds 
of limestone, which are commonly believed to be the first and third 
beds. I am inclined to think that this opinion is so far correct, 
and that the second and third beds are here merged into one by 
the thinning out of the intermediate strata, or else that these 
strata become more calcareous, and that they continue so all 
along the southern outcrop of the coal-field. Both were formerly 
worked at Venturefair, but only a small portion of the second 
bed is visible now, and is of a dull yellow, semi-crystalline charac- 
ter, and dips to the north-west at an angle of 20^, forming a 
trough about 4 miles in width between this point and the 
western outcrop of the same beds at Brunston before described, 
as shown in the accompanying section. 



BBUK8T0N. 



» 

o 



Fig. 18. 

AUCHENCOBTH MOSS. 



MOSSHOV8B8. 




"""^Cs. 



co*CS. 



Lower carboniferous strata.— d*. Millstone gnt.— d^. Cw\iOt^wwAYaaK8^«^^ 

series. — 1, 2, 3, 4^ 5, 6. XAm^stoue \>ed&. 



THK MID-LOTHIAN COAL-riELD. 81 

East of Venturefair, and along the southern outcrop of the 
Carboniferous Limestone series, it has been found impossible^ as 
already stated, to separate the lower limestones into distinct beds 
on the map, on account of the much greater thickness which 
they here attain. It must not be supposed that the whole of 
that belt of blue is solid limestone, but that the whole of the 
lower beds are contained within it, including the intermediate 
sbrata of calcareous shale. 

The place where these beds increase in thickness is where the 
limestones mantle on the north and east round the Lower Silu- 
rian rocks, a small portion of which project into this Sheet near 
Venturefair. At the same time, the limestones become much 
flatter, and at their upper edge contour along with the features 
of the ground at a distance of from 3 to 5 mUes from the Lower 
Silurian strata of the Moorfoot Hills. They are at the present 
time extensively wrought at Mount Lothian and Hillhead near 
Cockinnie Bridge ; at the latter .place the section exposed in the 
quarry is as imder : — 

1. Calcareous shale, with Encrinites, &c. 

2. Concretionary limestone bands, with shale between. 
S. Hard blue crystalline limestone. 

4. Band of calcareous shale. 

5, Hard blue crystalline limestone. 

The same bed is also wrought at the side limeworks near 
Fountainside, where the following section is exposed : — 

1» Sandstone. feet. 

2. Concretionary limestone bands. 

3. Limestone - - - 7 

4. Band of calcareous shale. 

5. Limestone - - - 9 

The limestone quarried at both these places is the lowest bed 
in the series, and is the same as the Gilmerton limestone, pre- 
viously described, on the west side of the coal-field, but of much 
greater thickness. 

The second and third beds were also formerly wrought at 
Fullarton, and are here nearly 30 feet thick, surmounted and 
separated by calcareous shale. These same beds are also exposed 
in the South Esk River at Yorkston, and are there separated by 
a thin coal with a fireclay under. This seam of coal is at present 
wrought at Fountainside, but I was informed it wa& not con- 
tinuous, the two beds of limestone sometimes coming together. 

In the Middleton North Bum, which flows past the farm of 
Esperston, the whole of the lower series of limestones are ex- 
posed, and in consequence of the low curves in which the strata 
are disposed, the intermediate beds have here an apparently 
greater thickness than is actually the case. The second and third 
beds on the east side of the bum are wrought at the Arniston 
Limeworks, and are separated by the same seam of coal which 
occurs at Fountainside, and which is \\eie^ tv^^x^ \ ^9^ KXa^j^ 
The limeatonea together are about *i& i^^\» VXiv^ 
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The lowest whioh is seen in the bum south of Esperston is 
about 18 feet thick, and is worked at Middleton, and again crosses 
the burn at North Middleton. The following fossils have been 
collected here : Produdua Jimbriatus, P. hngispina, P. |mtic- 
tatuSy P. giganteus,* Spirifer trigonalis, S, lineatua, Orihia 
reaujyinata, BeUerophon ap&rtuSy with Litkostrotion, and the 
Well known palaeozoic urchin Archceooidaris Urii of Fleming. 

Between Middleton and Amiston the strata are apparently 
thrown down on »the west by a north and south fault which 
slightly alters their course, and where the lower beds are seen 
crossing the bum at North Middleton, the dip is very nearly 
due west at an angle of 10^, and continues as far as the Catcune 
Limeworks near Fushiebridge. The highest bed has been 
quarried here, but the lower strata are not exposed, being 
obscured by a thick deposit of Drift, till they again make their 
appearance in the Tyne Water at Crighton with a northerly dip. 
The lowest limestone was formerly worked, and is still seen in an 
old quarry near Crighton Church. It is a blue concretionary 
crystalline limestone with Encrinitea, Producti, and Corals, The 
second and third beds are at present extensively wrought at the 
Currie Limeworks. 

The Roman Camp, Fordel and Coudatid Limestones. — These 
strata are the equivalents of the beds which have just been de- 
sgibed, and rise to the surfece along the ridge which forms the 
anticlinal between the Mid-Lothian and East-Lothian Coal-fields 
at the above-named places. They exist here in three beds, and 
the following section gives the thickness of each, with the inter- 
mediate strata : — 

Section of the Lower Limestones at the Roman Camp. 

FT. IN. 

Grey limestone shale - - - 3 
Calcareous shale with large irregular lime- 
stone nodules - - - - 31 6 

No. 3. Limestone (wrought) - - - - 5 

Shale- - - - - - 4 

Sandstone * - - - - 58 6 

Black shale - - - - - 6 6 

f Limestone - - - - - 2 

No. 2. < Shale - - - - - 2 

(^Limestone - - - - -310 

Shale - - - - - 60 4 

No. 1. Limestone - - -* - - 8 6 



Total - -184 8 



By referringto the Horizontal Sections, Plate I., the manner will 
be seen in which these strata rise from beneath the Mid-Lothian 
Coal-field on the west, and then roll over and dip to the east. 

At the Roman Camp, on the west side of the anticlinal, the 
second and third beds (which are here mapped as one) rise 



p. giganteua is rare in tkiese \o^ei^l>TOfe?jtoiie»^ 
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to the surface from beneath the lowest coal at New-battle 
Colliery, and gradually bend over at the summit of the hill 
and dip east. On the south end these beds are suddenly trun- 
cated by a fault having a downthrow to the south, and on the 
north gradually mantle round the hill to Edgehead, where the 
strata are again dislocated by a north-east and south-west fault 
throwing them down on the south-east. The lowest bed crops 
out at D'Arcy, and curves round in a semicircle, the south-east 
portion being thrown down by* the same fault which affects the 
other beds at Edgehead. It was formerly extensively wrought 
here, and contains the following fossils : — Encrinite stems and 
Fenestella ; Productus semireticulatus ; P. punctatus ; Rhyn- 
chonella pleurodon ; Spirifer trigonalis ; Solenoonya; Orthoceras 
(Cycloceras) annulare, Flem. ; Nautilus (like N, ingens), and 
N, sulcatum, PhiL 

B. The Beds between iVo. 3 and No. 4 Limestones,* — The strata 
included within this section of the Carboniferous Limestone series 
are most important from the number and thickness of the coal 
seams with which they are associated. Where most completely 
developed, these contain not less than 26 beds of coal above 1 
foot thick. This occurs, however, only in the northern and central 
parts of the coal-field in the neighbourhood of Dalkeith, New- 
battle, Duddingston, Niddry, Gilmerton, Loanhead, and Dryden. 
Along the southern and south-west outcrop most of these c^als 
have thinned away, and are not of suflScient thickness to be 
workable^ although there is no doubt that the thin seams which 
remain are the representatives of those which are so completely 
developed in the northern part of the coal-field. 

By referring to the Vertical Section, fig. 17, these strata will be 
seen to occupy an intermediate position between the three lower 
limestones, and the other three which occur higher in the series. 
On the west side of the coal-field they crop out on the coast at 
Joppa near Portobello, and strike inland through Duddingston, 
Niddry, Drimi, Gilmerton, Loanhead, and Dryden. At all these 
places they are locally known as the " Edge Seams,'' on account 
of the high angle and sometimes vertical position in which th^ 
beds are tilted. South of Dryden they have been worked at 
Greenlaw, and are at present mined at Brunston, between 
Penicuick and Carlops, although considerably altered in thick- 
ness. 

On the east side of the coal-field the same coals crop out on 
the coast at Prestonpans, and inland at Wallyford, Carberry, 
Cowden, Newbattle, and Amiston ; and bending over the anti- 
clinal ridge between the Roman Camp and the shore at Preston- 
pans form the East-Lothian Coal-field, mapped in the adjoining 
Sheet. 

Joppa, Duddingston, Niddry, Drum, and Edmonston, — On 
tlie shore at Joppa the strata are entirely obscured by the sand 
between low and high water mark, but about a quarter of a mile 



* See Vertical Seotioli, p, 73, aad HomoiiXaX ^««^iAoti%,^\aXfc^* 
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inland the higher beds connected with Uiese strata are exposed in 
Jo{^ qnany, having a dip to the east of 55^ The whole of ihe 
coals^ however, of this series have been proved in the Tninii^g 
operations whidi wer formerly carried on at Dnddingston, and 
as they have a very nniform thiidsiess between tiie shore at 
Joppa and Drum, near Gilmerton, the following section, giving 
the local names of the coal-seams and ihe ihli*)mPi^ of the inter- 
mediate stnta between them, will apply for the whole distance. 
The section is given in descending order. 

SeeHon of tke '' Etfye "* Coals at Duddimgston. 



Flex cosl - 
Intennediste strata 
LaT«t>ck coal 
Intetmediale strata 
GreatScam 
Litmnediale strata 
StMiliead - 
lateimediate strata 
Gilkis^ - 
latMiaediate strata 
little Gilkspie - 
latcfinediate strMa 
Blad: dMfiel 
latenMdiaft^ strata 
Stinkie 



FT. 


IX. 


I 


FT. 


I!1 


4 
30 






Brought forward 
Intermediate strata 


. 417 
- 30 


6 



3 
24 






Little Splint 
Intermediate strata 


. 3 
- 60 






8 
36 






Big Splint - 
Intomediate stnta 


. 4 
- 60 






4 
60 


6 



Corbie Craig 
Intermediate strata 


. 5 
- 150 






4 
142 


6 



Ston J coal - 
Intermediate strata 


- 5 

. 78 






3 





Carleton 


- 5 


6 


30 





Inteimediate strata 


- 54 





3 
60 


6 



Bough coal - 
Intenaediate strata 


- 3 

- 30 


9 



3 





Bine coal - 

Total thidoiess 


• 3 


9 


417 


6 


• 909 


6 



Tlie ahoTe sectmoL as will be sei»L is of a 
and asi tliei^ are no mines now in Ofieradon at Dnddingston I 
have not been aUe to givie a more d^aikd aooount. I believe, 
koweivr. tkut this :siectkm may he rdied npon as heii^ enrect so 
&r a$ it giTvs tlfee prinequJ ccal-€ie«m$ and the thici^DeGs nf the 
^tiata w^^ch separate th«L 

At Niddrr Aoni, akMit a mile finMn the shore at JopfML th^e 
«mk are all intiat^eciied by a gxem^toiie drfce. which cxosBes the 
strata nedffiy at i^t an^es^ iMit does not dispiace them «m either 
jid^ ;^Mithof thkdykethecicakciL^tiniftetmii^^ 
in a iuaisht line on acv-oont of the hic^ aai£^ at whach d^ev dip 
lennKn Kiddrr HoiKse and Ckvnexioot to fidnwiBsacm. Imme- 
dnatelr wmk of £dBK«is<oei they are int<ei^eieted by a siq» jGuiIt, 
wiwhi^a downduK>wonthesic«th^aafedsldftsd^ 
to tibe wvsiL Tlib &a3t wras; proTeni i!^ the ccia! wvxkii^Sw b<^ 
t&i^ aaacioat of ^ throw "^ is tK>t knowiL 

S:iijdL ^£dbmoai5aii». tibe h%:h aatg^ at whSfh ^se scrata dip 
3Kraaiie& ami at I%«m thiqr are ^n a pedSK^ paqpcsndknlar 
jMOsaaiL T^ may be stwsi in ^smm^ oU ^vsrias^ at ~ 
wiiflpe 1^ sane ^aiaBa aad ^^oae \^ the 



^9C7V8nJ Avpa n^Taarry are ;a$ta£n vikiKieL IW cmaJb here 
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which lie immediately above the Great Seam. The sandstone 
that has been quarried is the bed which forms the roof of the 
Great Seam, which is generally constant and easily recognized 
by the miners throughout this part of the coal-field. At the 
south end of this quany the strata are displaced by a small fault, 
throwing them down on the south side ; and further south, 
between Drum and Gilmerton, another fault intersects the coals, 
also throwing them down on the south, and shifting the great 
seams about five chains to the west. 

OiVnierton, Loanliead, and Dryden. — At Gilmerton and 
Dryden the **Edge" coals were formerly extensively wrought, 
and more recently at Loanhead. TJnfortimately, the sections of 
the strata which have been preserved are, as in the Duddingston 
district, given only in a general way, with the thickness of the 
most important seams of coal, but no details of the intervening 
strata. The following section, taken from an old document in the 
possession of Sir David Baird, gives the coals and the thickness 
of the strata which separate them at Gilmerton. 

Section of the Edge Coals and intermediate Strata at Gilmerton, 
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Gillespie coal 
Intermediate strata 


- 


- 


3 


6 


60 


Black Chapel coal 
Intermediate strata 


- 


- 


7 





9 


Perpetual coal 
Intermediate strata 


: 


- 


2 


9 


24 9 


Kittle Purse coal 


- 


• 


2 


2 


.. 


Intermediate strata 


■• 


• 


. 


- 


120 


Stinkie coal - 


- 


- 


4 





a. 


Intermediate strata 


- 


- 
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It will be seen from this section that many of the seams of 
ooal have altered in thickness, while at the same time other coals 
have apparently appeared. From the very unsatisfactory way in 
which the old sections have been taken, it is not at all improbable 
that the additional coals which are given in this section are also 
in the Dnddingston and Edmonston districts, but there only 
represented by thin and unimportant seams. There is, however, 
no difBcoIty in making out the most important coals, such as the 
Great Seam, Black Chapel, and Corbie Craig, which have generally 
been wrought to a greater extent than the other beds, and are 
therefore better known, and found to occupy the same position in 
the series. 

South of the fault which was last mentioned, as throwing down 
the strata on the south side at Drum, the coals from the *' Black 
Chapel" upwards, given in the preceding section, continue in 
nearly a straight line, and dip to the east, at angles varying 
from 65^ to 7o^y while the lower seams bend slightly round by 
Gilmerton, the dip of the strata being much less at an angle of 
40°. Between Gilmerton and Gilmerton House the whole of the 
coals are interrupted by a fault, which runs in a north-west and 
south-east direction, and nearly parallel to the last one. It 
throws the higher coals and their associated strata down 
45 &thoms on the north side, but dies away gradually to the 
crop of the lower seams, and in the Gilmerton limestone quarries 
the " throw " is only a few feet. 

Between Gilmerton and Loanhead the coals are intersected by 
a series of slip faults, the first of which runs in an east and west 
direction by Laverock Hall, and another nearly at right angles 
to this one between that place and West Edge. Both of these 
are small, and displace the strata very slightly, the former throw- 
ing them down on the south, and the latter on the east side. 
Immediately south of West Edge a third fault throws down the 
coals considerably on the north, branching into two towards the 
higher beds, and at Edgefield two parallel ones cross the strata 
in a north-west and south-east direction, both throwing down 
the coals on the same side, the first 55 and the other 60 &thoms. 

At Loanhead the following section gives the principal coals and 
the thickness of the strata between them, but, as in the former 
sections of Gilmerton and Duddingston, no details of the nature 
of the rocks have been taken. 

Section of the " Edge " Coals at Loanhead, 
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FT. IN. FT. IN. 

Intermediate strata - - - - 20 

Moffat coal - • - 2 

Intermediate strata - - - - 10 

Gillespie coal - - - 3 4 - 

Intermediate strata - - - - 40 

Coal 1 . - . 5 10 

Parting V" Black Chapel" - - - 7 4 

Coal J - - -22 

Intermediate strata - - - - 32 

Kittle Purse - - - 3 

Intermediate strata - - - - 67 

Stinkie coal - - - 5 - 

Intermediate strata - - - - 60 

Rough coal - - - 3 - 

Intermediate strata - - - - 20 

Glass coal - - - 3 6 - 

Intermediate strata - - - - 30 

Brown's coal - - -26 - 

Intermediate strata - - - - 56 

Stony coal - - - 5 - 

Intermediate strata - - - - 10 

Hope's coal - - - 2 - 

Intermediate strata - - - - 20 8 

Beatties coal - - - 3 - 

Intermediate strata - - - - 20 

Corbie Craig - - - 8 - 

Intermediate strata - - - ^ 100 

Little Splint coal - - 4 ~ 

Intermediate strata - - - - 30 

South coal - - - 5 - 

Intermediate strata - - - - 40 

North coal - - - 4 6 

Intermediate strata - . - ^ 300 
Limestone (No. 3.) 

By comparing this section with that of Qilmerton, given pre- 
vioiisly, it will be seen that here there are many more thin coals, 
especiaUy between the Corbie Craig and Black Chapel, which are 
not mentioned as existing in that section, but it will be observed 
that the thickness of the strata taken altogether between these 
two principal coals is nearly equal, which makes it extremely 
probable that some of the thin seams have been omitted from the 
Gilmei*ton section, because they were not of sufficient thickness 
to be of any value. 

Between Loauhead and Dryden three faults have been proved 
in working the coals. The first which runs parallel with the 
two mentioned previously at Edgefield, crosses the sttata near 
Burghlee, and throws them down on the north side 40 fathoms. 
The other two nm in an east and west direction between Burghlee 
and Bilston Bum, and are downthrows on the south side, but do 
not displace the strata to any great extent. 

At Bilston Bum, near Dryden, the strata associated with these 
coals are laid bare, but it is now so overgrown. ^\ii \xsAssr5R<^^^ 
that it is not practicable to make a catt^iO^ «fe«K\oTiu ^qj^ ^VS^ 
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seams have, however, been wrought formerly, and the following 
section* gives the thickness of the principal coals and intermediate 
strata as they stand in the mines of Burghlee. 

Section of the " Edge " Coals at Dryden. 
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* This section was measured in 1694, toid '^tt& co^\ed^QtQi one in the possession of 
JUri, Oeddeg, Mining Engineer, EdinbnTg\i« 
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Dryden, but T was not able to obtain any records of the old 
workings. There is no doubt, however, that most of the coals 
deteriorate in value, and that the intermediate strata undergo a 
great alteration in thickness somewhere between Dryden and 
Greenlaw, a distance of about 3 miles ; but as there are no 
sections of the rocks exposed no information can be obtained 
except by boring. It is said that the Corbie Craig has been 
worked the whole distance in former times, and the old pit at 
Gowklie Moss was on that seam. 

Oreenlaiv, Penicuick, and Brunston, — At Greenlaw these 
coals were wrought as late as the year 1840, and the following 
section gives the number and thickness of the seams and inter- 
mediate strata as they occur there in descending order. 

Section of the '' Edge " Coals proved at Greenlaw, 
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By comparing this section with those of Dryden and Loan- 
head, it will be seen that the principal coals — the Great Seam, 
Black Chapel, and Corbie Craig — have become much thinner, 
and that some of the less important ones have thinned away 
altogether. There is also mentioned in this section a bed of the 
Black-band ironstone, 1 foot 2 inches thick, occurring 4 feet 
above the Great Seam, which is not known to exist in the other 
districts just described. 

Between Greenlaw and Brunston the Corbie Craig coal is the 
most important bed, and is said to have been wrought at intier- 
vals nearly the whole distance between these places. In the 
plantations at Mauricewood and Bellwood, near Greenlaw, there 
are numerous old pits, all said to be on this seam, but to what 
extent it has been worked is not known. In the grounds of 
Penicuick House many of the coals besides the Corbie Craig are 
seen, and in the burn, near Penicuick Tower, an old mine stands 
open, which is said to be driven to the Corbie Craig. The two 
thin coals which cross the bum here are the Flex and Rumbold 
seams, recognized by the bed of limestone which always occurs 
above them. The same coals, also, can be seen crossing Harken 
Bum near Brunston, together with the Black Chapel, Glass 
Seattle, Corbie Craig, and North and South coals. ITiey dbjk i 
the south-east at a very high anj^le, \)e;ixig ^TCkfeXhixv^^ ^^ ^ct 
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vertical position. They are intersected here by the Rame fault 
which is seen to displace the limestone beds, and shifts the strata 
on the west side further to the south. 

At Brunston colliery the following detailed section of the coals 
and intervening strata has been measured.* 

Section of the ^' Edge " Coals at Brunston Colliery, 

FT. IN. 

Limestone (No. 4.) ----- 4 

Sandstone - - - - • - -16 

Flex coal 2 10 

White fireclay 13 2 

Coal (Rumbolds) - - - - - - 4 11 

Sandstone and fireclay - - - - - 2 3 

Coal (Laverock) - - - - - -010 

Sandstone 3311 

Coal 11 

Sandstone - - - - - - -24 8 

Coal (Great Seam) 10 

Fireclay and ironstone balls - - - - 5 3 

Coal (Stairhead) 1 11 

Fireclay and ironstone balls - - - - 3 3 

Coal (Gillespie) 18 

Lidurated clay - - - - - -87 

Coal mixed with stone - - - - - 9 

Sandstone - - - - - - -22 6 

Fireclay -------11 

Sandstone -- ----74 3 

Shale (Blaes) 12 10 

Splint coal -------10 

Shale (Blaes) 4 

Coal (Glass) 2 

Indurated clay - - - - - -22 

Stony coal - - - - - --13 

Coarse grey sandstone - - - - -180 

Coal (Hope's) % 

Fireclay, with ironstone balls - - -'60 

Coal (Beattie) 1 11 

Sandstone and shale - - * - - 30 
Fine white sandstone - - - - - 34 6 

Coal -^ 3 

Fireclay V (Corbie Craig) - - - - 1 3 
Coal -J 2 9 

Total 364 10 



By comparing this section with that of Dryden it will be seen 
how very greatly the beds have diminished, the total thickness 
of coal there being 77 feet 8 inches, whereas here the same seams 
are only 27 feet 5 inches. 



* Giyen me by Mr. J..Lkwboii, 1NUia|^ «t KSda C*(^«f3. 
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A large fault runs through Brunston colliery 50 fathoms wide, 
and filled with broken rock. Its direction is north-west and 
south-east, at right angles to the strike of the strata, and throws 
down on the north-east side. I think it is not at all improbable 
that this may be really two faults, and that the rocks have been 
broken up between them. Two other faults interrupt the coals 
between Brunston and Nine-mile Burn, both throwing the strata 
down on the north-east side. At the latter place the lower 
seams of coal are seen crossing the burn at a high angle, but the 
Great seam and those above it crop out near Marfield, and cross 
the North Esk River there, the dip of the strata becoming much 
flatter. The Corbie Craig has formerly been wrought all through 
the estate of Newhall, and crosses the North Esk below Newhall 
House. By referring to the section, fig. 18, these coals are 
shown to extend under Auchencorth Moss, and the Beattie and 
Corbie Craig seams to crop out on the opposite side of the basin 
near Mosshouses, where they were formerly worked by means of 
a " day level '' from Lead Bum, the strata here dipping to the 
W.N.W. at 30°. 

I have already stated that these coal-seams along the south 
outcrop of the coal-field are so thin that they can scarcely be 
recognized, and as they are not worked now, and have only been 
so to a limited extent formerly, very little information could be 
obtained. Two thin seams of coal are seen in an old quarry 
about a quarter of a mile east of White Hill tileworks, which 
belong to this series, but cannot be identified. In Fullarton 
Water, immediately below Fullarton, two other thin coals are 
exposed, and as they lie close above the limestone, these may 
possibly represent the Corbie Craig or North and South seams. 
In the South Esk River, between the limestone at Yorkston and 
the village of Temple, an ascending section of the rocks is ex- 
posed, alid eight thin seams of coal can be made out, which are 
no doubt the representatives of those described along the west 
side of the coal-field. They vary here from 6 inches to 2 feet 
thick, but none of them can be individually identified, although 
it is said that the three which are seen in the cliff opposite 
Temple Church are the Great Seam and others in connexion with 
it. This is not at all improbable, as the strata here are high up 
in the series, and in the right position for these coals. At the 
saw-mill at Amiston a coal crops out, and another lower down 
in the series at Castleton. The former has been traced eastward 
through the woods of Amiston to Fushiebridge, and is probably 
the representative of the Corbie Craig seam. It is said to be a 
'* rough coal,'" and was wrought to some extent formerly. 

Amiston, Newbattle, and Cowden Collieries. — The coals con- 
nected with this series have been long and extensively wrought 
at these collieries, which are situated on the east side of the 
ooal-field. The following section of the coals and intermediate 
strata, as they have been proved at Cowden, show the thicknesa 
of each seam. 
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Section of the Strata at Cowden Colliery ^ near DalkeitJi. 



FT. IN. 



Limestone (No. 4) 
Sandstone and shale 
Coal (the Deception) - 
Sandstone - - - 
Coal (Cryne) 
Sandstone - - - 
Shale 

Sandstone - - - 
Coal (Mavis) 
Sandstone - - - 
Coal (Great Seam) 
Sandstone - - - 
Coal (the Diamond) 
Sandstone and shale 
Coarse blaekband iron- 
stone - - - 
Coal - - - - 
Shale with bands - 
Coal Cthe Siller Willie) 
Sandstone - - - 
Coal - - - - 
Sandstone bands - 
Coal - - - - 
Shale ... - 
Coal - - - - 
Sandstone bands - 
Coal - - - - 
Shale - - - - 
Ironstone in balls 
Coal - - - . 
Shale . - - . 
Coal - - - - 
Shale - - - - 
Coal - - - - 
Sandstone and shale 
Coal (the Blackbird) - 
Sandstone - - . 
Coal (the Coronation) - 



4 
29 

2 
30 

2 
24 

4 
24 

2 



7 

2 

15 








8 
4 
2 
6 
6 
6 
8 
4 
8 



62 2 
8 





7 
2 



5 

1 10 
14 

6 

8 

6 
6 6 

1 
1 4 
6 

22 

9 

6 8 



3 
3 



1 

2 1 
4 2 
1 5 

13 3 

3 11 
6 6 
3 10 



Carried forward - 326 5 



Brought forward - 326 
Sandstone and shale 
Shale and ironstone balls 15 
Coal (the Hard Splint) 
Shale and ironstone balls 
Coal (the Smithy) 
Shale and sandstone 
Fireclay and ironstone - 
Sandstone and bands - 
Coal (the Bryant's Splint) 
Sandstone bands 
Coal - - - - 
Sandstone and shale 
Coal (Aleck's) - 
Sandstone - - - 
Coal - - - - 
Bands (sandstone) 
Coal .^ - - - 
Shale - 

Coal - - - - 
Shale ... - 
Ironstone (Clayband) - 
Coal (Kailblades) 
Sandstone - - - 
Coal (Little Splint) 
Sandstone and shale 
Coal - - - - 
Shale - - - - 
Ivonstone - - - 
Coal - - - - 
Sandstone - - - 
Coal - - - - 
Sandstone and shale -. 
Coal (the Parrot) 
Fire clay - - - 
Sandstone and shale 
Limestone (No. 3) 



FT. 


IN. 


26 


5 


51 


6 


15 





3 


3 


6 


5 


2 


9 


17 


4 


4 


1 


11 


11 


5 


8 


16 








6 


21 


11 


2 


7 


10 


8 


1 


1 


12 


2 


2 


6 


1 


5 





11 


4 








3 


1 


3 


2 


1 


2 


1 


56 





1 





21 








9 


2 


1 


4 


5 


1 


7 


11 


3 


3 





1 





52 


3 



Total 



- 678 1 



This section will apply to the Newbattle and Amiston col- 
lieries ; for although some of the minor seams and the inter- 
mediate strata diflfer, the principal beds are more regular and can 
be easily recognized. These are the Great Seam, Diamond, 
Siller Willie, Blackbird, Coronation, Bryan's Splint, Kailblades, 
and Parrot coals. By referring to the Geological Survey Map, 
and the sections, Plate I., these seams will be seen rising from 
beneath the coal basin on the east, and cropping out along the 
west side of the Roman Camp ridge, the Great Seam, and 
Diamond coals, with the strata above them, terminating on the 
louth at a Jarge fault near GoTebiidge, whicli throws the strata 
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down on the north-west 40 fathoms, while the lower coals, 
including the Bryan's Splint, Kailblades, and Parrot seams, 
curve round the south end of the anticlinal, and dip towards the 
south-east. The fault at Gorebridge was proved in the Vogrie 
colliery there, which was 10 fathoms to the Great Seam and 50 
fathoms to the Bryan's Splint, the lower strata on the south-east 
side of the fault being brought against the higher, for the same 
Splint coal was proved to be only 6 fathoms deep in a bore 
about 500 yards to the south-east of the colliery, and dipping at 
a low angle to the north-west. 

The outcrop of the Great Seam north of Gorebridge continues 
without any interruption of importance, by Stobhill Church, 
till it is intersected by two large faults at Amiston colliery, 
which throw down all the strata between them. Both run 
parallel to one another, in a nearly east and west direction, the 
first throwing the coals down 40 fathoms on the north and the 
second 30 fathoms on the south, in the higher part of the series, 
but become much less towards the crop of the lower seams. At 
the south end of the Boman Camp ridge the former truncates 
the limestones ; but it is evidently very small here, for on the 
south side of it the same limestone has been proved to be only a 
short distance beneath the surface. 

The coals generally at Amiston colliery are thinner than at 
Cowden near Dalkeith, as are also the intermediate strata, the 
Great Seam being only 7 feet thick, the Diamond 2 feet 6 inches, 
Siller Willie 4 feet 5 inches, Bryan's Splint 5 feet 6 inches, and 
Parrot 2 feet 1 inches ; the latter lying 38 feet 8 inches above 
the third limestone. 

North of the last fault mentioned at Amiston colliery, the 
whole of the coals continue for rather more than a mile, through 
Newbattle colliery, without meeting with any interruption, the 
outcrop of the Great Seam passing by Red Row and Linger- 
wood to Bryans, and the coals below cropping out between it and 
the Roman Camp limestones. At Bryan's they are all thrown 
down on the noi-th side 14 fathoms by an east and west fault, 
and about a quarter of a mile beyond by another, nmning 
parallel to the last, but throwing the strata down on the south 
side, and a third, which intersects the Great Seam north of East 
Houses, also throws them down on the same side. These three 
faults have all been proved in the workings of the Newbattle 
colliery, but the number of fathoms which the two last throw 
down the strata is not correctly known. They all, however, 
become less towards the crop of the lower seams. 

At Cowden the beds, from the '* Deception" down to the " Coro- 
nation'' coal, continue at a high angle through Capielaw and near 
West Cowden to the large fault on the south side of Cowden 
Cleuch ; but the lower seams, from the Bryan's Splint down to 
the Parrot coal, bend round by Langlaw, Whitehall, Coldhame, 
and FufTet, and follow the contour of the limestones of the 
Roman Camp ridge, the dip of these beds being mucitL fia^^Rst* 
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Four faults interrupt the upper series of coals at Cowden : one 
on the south side of West Cowden, which is 15 fathoms " down- 
throw " on the north, and another on the north of the same 
place, which throws down the strata on the opposite side 7 
fathoms. The next is near Cowden Clench, and is said to be a 
continuation of the large fault which was proved in the Coal- 
measures at Sheriffhall to throw the coals down on the north 84} 
fathoms ; but it is certainly nothing like that amount here, and 
probably becomes much less toward the crop of the lower 
seams. 

Garberryy Wallyford, and Prestongrange. — On the north side 
of the last fault just mentioned, very little information can be 
obtained concerning these strata till we reach Carberry ; but the 
outcrop of the Great Seam as shown on the map, parsing 
betweeu Smeaton Shaw and the limestone of Chalkieside, is very 
nearly correct. Some of the lower seams have also been proved, 
but the strata are very much disturbed, and the outcrops of the 
coals have not been correctly ascertained. 

Through Prestongrange, Wallyford, and Carberry, the Great 
Seam has been formerly wrought by means of a "day level'' 
from the sea at Prestongrange, and its outcrop, as shown on the 
Geological Survey Map, can be distinctly traced, by means of the 
subsidence of the surface into the old workings, which were carried 
as far as the most northern of the three faults which are laid 
' down on the Map between Carberry House and Carberry Old 
Mains, and by this level the coal is said to have been wrought 
out to the depth of 23^ fathoms.* On the south side of this 
fault, in the direction of Carberry House, the Great Seam has 
been worked by "open cuts " from the surface. Two other coals 
are mentioned as being beneath the Great Seam, and which have 
also been worked at Carberry, the first beiug a rough coal, 5 feet 
thick, and the second a splint coal, 3 feet 6 inches thick. There 
are indications on the surface of the ground through Carberry 
Park of these coals having been wrought formerly, and on the 
south they suddenly terminate, which I think must be due to a 
large fault which runs near Carberry House, and which I believe 
to be an extension of a slip which was proved in the Cowpits 
seams of the Coal-measures, and is said to be there 16 fathoms 
^^ downthrow '' on the south, but is probably not so much at 
Carberry. The dip of the coals at Carberry is to the west at an 
angle of 25°. 

At Wallyford, where the Great Seam has been recently opened 
up and is at present being wrought, the following section of the 
strata from the fourth bed of limestone down to a Splint coal 
which lies below the Great Seam, has been proved.t 



♦ The information of the Carberry coals I obtained principally from a report made 
in 1826, by Mr. Maclaren, Mining Engineer. 

f Communicated by Mr. Williamson, Mining Engineer, Edinburgh, 
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Section of the Strata at Wallyford Colliery. 



Brought forward - 
Sandstone and shale 
Parrot Coal 
Shale and sandstone 
Shale .... 
Clayband ironstone 
Shale .... 
Ironstone - - - 
Shale and sandstone 
Parrot Coal 
Coal daugk 

Coal - - - - 
Shale and sandstone 
Shale and inch bands of 
ironstone - - - 
Sandstone and shale 
Coal - - - . 
Ironstone - - - 
Coal daugh 

Sandstone - - - 
Coal daugh 
Sandstone and shale 
Blaes ribbed with coal - 
Coal (Splint) 
Fakes and fireclay 







FT. 


IN. 


Limestone (No. 4) 


n 


1 


6 


Sandstone bands and shale 29 11 


Coal (Deception) 


- 


1 


3 


Sandstone and shale 


. 


11 


1 


Coal - 


- 





9 


Sandstone and bands 


- 


9 


4 


Coal (Cryne) 


- 


2 


6 


Sandstone bands and shale 


32 


5 


Coal (Mavis) 


• 


1 





Fireclay 


- 


1 





Sandstone and shale 


. 


4 


1 


Soft Coal - 


- 





9 


Fireclay 


- 


1 


9 


Sandstone, shale - 


. 


27 


6 


Coal - 


. 


1 


7 


Shale and sandstone 


« 


2 


lOi 


Coal - - 


. 


2 


2 


Fireclay and shale 


- 


1 


3 


Sandstone and shale 


. 


3 


5 


Coaly Ironstone - 


- 





5 


C^an do. 


- 





3 


Sandstone and shale 


- 


6 





Coal (Great Seam) 


- 


10 


10 


Fireclay and shale 


- 


1 





Intermediate strata 


- 


31 


2i 


Carried forward 


- 


185 


10 



FT. IK. 

185 10 

11 6 



8 

1 



4 



8 4 

8 

5 

24 

24 11 

39 

17 3i 

1 

2 





1 



1 
5 
9 



41 5^ 
1 5 



4 
1 



6 
3 



Total 



- 354 6 



The strata below the Great Seam, as shown in this section^ 
differ considerably from those of Cowden colliery in the following 
particulars. The '^Diamond/' which there lies 7 feet and at 
Amiston 18 feet 4 inches beneath the "Great Se^m,'* is here 
merged into that coal and forms one thick seam, the strata 
between them having thinned away. Below the " Diamond,'' in 
the Cowden section, the first thick coal is the '^ Siller Willie,'' 
which apparently does not exist here, for the *' Splint Coal " is 
too low down in the series, and is probably the equivalent of the 
** Blackbird " or ^' Coronation " seams. It will also be seen that 
above the " Great Seam " there is a bed of " Blackband " iron- 
stone, not known to exist at the collieries of Cowden, New- 
battle, and Amiston, which is here in the same position as a 
similar bed which has been already mentioned as lying above 
the same coal on the west side of the district at Greenlaw. 

At Prestongrange the same coals have been proved as at 
Wallyford, together with others which lie below the Splint coal 
in that colliery, and which represent some of those given in the 
section of the Cowden strata. These are wrought at Dolphing- 
ston colliery, but the precise outcrop of the beds I could not 
obtain. Mr. Mibie Home, in his Memoir on tliis coal-field, gives 
jiine coals as having been proved below tUe "Gx^^^^^tsvV ^si\?«<5» 
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bores wliich were put down in PanwooiUees, south of PreBton- 
grange, and tlie lower limestone beds are aaid to have been 
reached at a depth of 150 feet, in a bore 500 yards south-east 
of Dolphingston colliery. TLese, an well na some of the lower 
coals, do not rise to the surface, but mantle over the ridge at 
Falside, which is a prolongation of the Eoman Camp anticlinal, 
and on the other side dip towards the east, and form the East 
Lothian coal-field. 

The higher portion of these strata between Wallyford and the 
sea at Prestonpans, a ahown by the outcrop of the "Great 
Seam," are interrupted by four considerable faults, and by a 
greenstone "dyke" which runsouttoBea on the west, atOxcraigs, 
and to the east traverses the East-Lotliian coal-fleli Of the 
former, the two first run pai'allel t-o each other north of "Wally- 
ford House, and are believed to be the same as those proved in 
the Coal-meaaurea at Pinkie, where they were ascertained to 
throw down the strata, the first G fathoms on the north and the 
second 6 fathoms on the south side. The amount of " throw " at 
Wallyford ia not known, but for both faults it is probably much 
less. 

The two other faults have been proved at Dolphingston 
colliery and Preston grange. The one at the former place 
crosses the strata in a north-west and south-east direction, and 
is a downthrow of 15 fathoms on the south-w&it side ; and the 
other having an east and west bearing, throwing down the strata 
30 fathoms on the north. The coals are not shifted in the line of 
the greenstone " dyke," whicli was proved at Preaton colliery, 
where one of the seams was wrought up to it on the north side, 
a.nd a mine being driven tlirough it. the same coiil was found on 
the opposite side at the same level, 

I have already stated that the coals of the Carboniferous Lime- 
stone series, after rising to the surface on the west side of the 
Roman Camp ridge, bend over and dip in the opposite direction, 
formingtheEast-Lothian coal-field, as shown in thesectiona,PIatel. 
There are only two places in this sheet where the coals are at 
present wrought on this easterly dip, viz., at the Roman Camp 
and Edgehead, at both of wliich the same seam is worked. This is 
the " PaiTOt " coal, the lowest given in the Cowden section, and 
which lies about 36 feet above the lowei' limestones, and has 
been extensively wrought at the Arniaton and Newbattle col- 
lieries. By referring to the Geological Survey Map, this 
coal, together with the "Kailblades" and "Bryans Splint" 
which lie above it, will be seen curving round the truncated 
termination of the Roman Camp limestones on the south at 
Hillhead, and cropping along the east side of the ridge to Edge- 
head, with an easterly dip towards the large fault which traverses 
the low ground between the Camp and Vogrie. It is also said 
that some of the higher seams lie in this hollow between Blink- 
bonny and Southside, but I could never get any definite infor- 
nmtion as to which coals ihey were, aa none of them are at 
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present wrought.* The following is a section of the strata at 
Edgehead^ and gives the thickness of the " Kailblades ^' and 
" Parrot " seams on the east side of the anticlinal 



Section of the Strata at Edgehead. 

Surface - . . 

Sandstone ... 

Coal - - - - 

Sandstone and shale - 

Coal - - - - 

Fireclay - - - 

Shale . . - . 

Coal - - - - 

Fireclay - - - 

Sandstone and shale -^ 

Coal - - - - 

Sandstone and shale - 

'Coal - - - - 

Sandstone - - - 

Coal - - - - 

Shale and sandstone - 

Coal - - - - 

Sandstone and shale - 
"Parrot" coal 
Bough do. - 

Total - 



« Kailblades " < 



PT. 


IN 


21 





20 








3 


2 








3 


3 


11 


3 


9 


1 


2 


1 


2 


10 


6 





7 


10 


8 


1 


6 


2 


11 


1 


1 


3 


2 


1 


10 


78 


1 





10 


1 


2 


165 


10 



It will be seen by comparing this section with the same strata 
at Cowden, that the coals on this side of the Roman Camp ridge 
alter considerably and become much thinner. 

The large fault which traverses the low ground between the 
Roman Camp and Vogrie, was proved in working the coal at 
Sauchanside, where it throws the strata up on the soutli-east 
side 18 fathoms. I believe that this is a prolongation of the 
same slip found at Vogrie colliery near Gorebridge, and which, 
as previously stated, throws the coals up on the south-east 
40 &thoms at that point. 

On the south-east side of tKis fault the strata have a contrary'' 
dip, and incline at a low angle to the north-west towards the 
fault, and the same coals that are given in the Edgehead section 
again rise to the surface in succession, and below them the lower 
limestones crop out in the valley of the Tyne river at Vogrie, as 
shown in Section No. 2, Plate I., forming the south-eastern limit of 
the coal-field. A descending section of these strata is exposed both 
in Vogrie Bum and Dewar Burn, at both of which places the coaJs 
have been wrought, although much deteriorated in thickness, as 
shown by the following section of a bore put down near Har- 



♦ I was, however, infonned by Mr. Gibfion, 'ML^xkA^gi^t oi\)tL'&'Sk^^\»MOL^^ij^SJ!^^cv.^ 
that the ** Great Seam " had been proved bete. 
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yiesion, on the south-east side of the £ftult near Yogrie colliery 
at (Jorebridge. 

Section of the Strata at HarviestonJ* 







FT. 


m. 


FT. IN. 




Surface 


- 6 


6 


6 6 




Fireclay 
Sandstone and shale 


- 

- 5 


6 
5 


7 
12 5 




Soft Coal - 
Sandstone and shale 


- 

- 8 


7 
5 


13 
21 5 




Coal (impure) 
Sandstone - 


- 

- 10 


4 
5 


21 9 
32 2 




Splint Coal (waste) 
Sandstone and shale 


- 3 

- 26 



5 


35 2 
61 7 




Coal 


- 1 


3 


62 10 




Sandstone and shale 


- 24 


9 


87 7 




"Coal 


- 1 


4 


88 11 


« Kailblades " - 


Fireclay 
Coal 


- 

- 1 


4 

7 


89 3 

90 10 




Fireclay 
Coal 


- 1 

- 1 


5 

8 


92 3 

93 11 




Sandstone and shale 


- 91 


6 


185 5 




Parrot Coal 


- 


4 


185 9 




Sandstone and shale 


- 31 


7 


217 4 




r Limestone - 


- 


10 


218 2 


No. 3. - - 


I Parting 

y Limestone - 


- 

- 2 


2 



218 4 
220 4 



The same coals which are tound at Edgehead, are also inown 
along the eastern side of the limestones at Fordel and Cousland, 
but none of them have been wrought for some time. At the 
former place two seams have been seen, but their outcrop is not 
sufficiently ascertained to be laid down on the map, neither is it 
possible to identify them with any individual seam, although 
there is no doubt that they belong to this series, and are not 
veiy far above the lower limestones. They both dip to the east 
and the lower one is said to be 3 feet thick, the other 2 feet 
8 inches, with a parting of fireclay.f 

At Cousland there are said to have been six coals proved be- 
tween Hadfast and Bellyford Bums, which were wrought in 
former times by driving in at the crop on the north brow of the 
former, and drained by a " day level " from the latter. These 
seams all dip to the north, and are the equivalents of some of the 
lower coals in this series, but the information is too scanty to 
enable them to be identified. More recently some of the same 
coals were worked in a pit near Hadfast, which was 99 feet 
deep, and the following is a section of the stnita passed through. 



* CommnmcaXed. by Mr. Williamson, Mining Engineer, Edinburgh. 
t The mformati<m about the Eordel and Couti\axv^ coiV& \ ^^iiai^d. ^ppin Vr. Bodi, 
of Cranston, Factor to the Earl of Stak 
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Section of Strata at Hadfast, near Cousland. 

Various strata 

Coal - - - 

Various strata 

Shale (roof) - - - 

{Coal (Parrot) - 
Coal {hard) - 
Stone mixed with coal 
Coal - - - - 

Various strata - 
Shale (blaes roof) 
Coal « - - - 

Stone - - - - 

Coal .... 
Stone - - - - 

Coal - - - - 

Depth of engine pit 



" Hammersley " 
Coal. ^ 



FT. 


IN. 


- 27 





- 1 


6 


. 30 





. 3 





- 


4 


- 2 





- 2 





- 1 


8 


- 30 





- 7 





- 1 





- 


3 


- 1 


8 


- 


8 


. 1 


3 


- 99 


4 



I believe that the two coals given in this section, represent the 
" Bryans Splint," and Kailblades " seams in the Cowden and 
Newbattle collieries on the west side of the Roman Camp 
ridge. 

C. The Upper LimestoTie group and associated beds, frowj 
the Fourth Limestone to the base of the Millstone Orit* — The 
strata included within this section of the Carboniferous Lime- 
stone series, as previously stated, contain three beds of marine 
limestone and four seams of coal above 1 foot thick, inter- 
stratified with sandstone, shale, and fireclay. The former 
generally throughout the coal-field are of a very impure character, 
and have never been wrought to any great extent ; and, as in 
the case of the lower group of limestones already described, attain 
their greatest development along the south and south-west part 
of the district. Of the four coals in connexion with them, 
three lie between the fourth and fifth beds, and the other about 
36 feet beneath the sixth or liighest limestone. The former, 
along their western outcrop are known as the " Splint," " South 
Parrot/' and " Wood " coals, and the latter on the coast at 
Joppa as *' Allan's " coals. On the eastern side of the coal-field 
they have no distinctive names, but can be identified as the 
same seams from the position they hold with regard to the 
limestones. At the present time they are not worked in any 
portion of the district, although they have been so formerly. 

The following section, taken from measurements of these 
strata, on the shore at Joppa salt pans, gives the thickness of 
each bed in detail tf — 



♦ See column, p. 73. 

t This section is mostly taken from one given inMx.'^ILVNsi'fc^^'^^siiwx acL^Cofc^p^- 
X«eAi«9 Coni'^eld ; tbe remaiamg portioa la from one ««v^\^ taa \?5 ^^&t,^Viw^^%- 
8$9ae^ of JbitobeZIo. 
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Section of the Upper Limestone Group at Joppa Salt Pans. 





FT. 


IN. 




FT. 


IN. 


Limestone (No. 6.) 


- 3 





Brought forward 


186 


8 


Coal - 


- 


6 


Shale and fireclay 


17 





Fireclay 


- 9 





Coal - - - . 





9 


Yellow sandstone 


- 25 





Grey sandstone - 


15 





Fireclay 


- 12 





Argillaceous schistus - 


31 





Grey sandstone - 


- 52 





Sandstone - - - 


10 





Coal - 


- 


3 


Fireclay - - . 


6 





Sandstone - 


- 3 





Limestone (No. 5.) 


18 


0? 


Fireclay 


- 23 





Sandstone ... 


12 





Coal - 


- 1 


5 


Fireclay - - - 


9 





Fireclay 


- 9 





Grey sandstone - 


20 





Argillaceous shale 


- 15 





Argillaceous shale 


35 





Coal - 


- 


6 


Ii^onstone ... 





3 


Sandstone - 


- 4 





Fireclay and shale 


18 





Fireclay 


* 10 





Grey sandstone - 


15 





Coal (Allan's) - 


. 2 





Fireclay - - - 


2 





Fireclay 


. 8 





Coal (Wood) 


3 





Argillaceous schistus 


- 5 





Grey sandstone - 


35 





Sandstone - 


4 











" Tt 


vf 


Total 

m 


433 


Q 


Carried forwar 


d 186 


8 


o 



There is no detailed account of the strata beyond this, but the 
South Parrot coal is said to lie 312 feet beneath the Wood coal, 
the last given in this section, and is 3 feet thick ; and the fourth 
limestone is separated by about 100 feet of other strata from 
the South Parrot, and crops out in Joppa quarry. The following 
fossils have been collected by Mr. Richard Gibbs, of the Geological 
Survey, from this bed at the quarry, — Actinocrinua, Productus 
giganteus, Bellerophon ? From the sixth limestone, which crops 
out on the shore at Joppa salt pans, the following have also 
been taken by the same collector, — Archceoddaris Urii, Pro- 
ductus longispina, P, semireticulatus, Streptorhynchus ere- 
nistria, Bellerophon Urii, and B. decussatus. 

There is no section of these strata exposed between Joppa 
and Bilston Bum at Dryden, although the highest limestone has 
been wrought formerly at Coldcoats, near Edmonston. At 
Gilmerton, the Wood coal is 5 feet thick, and the South Parrot 
3 feet 6 inches, and separated from the former by about 400 feet 
of other strata, and at Loanhead and Dryden they are respec- 
tively 2 feet and 3 feet thick, and the distance betwieen them 
is 457 feet. At Bilston Burn, near Dryden, the upper limestones 
and the strata connected with them are laid bare and seen in 
an ascending section up to the base of Millstone Grit in the 
same order and position as on the shore at Joppa. These strata 
are not seen again till we reach Greenlaw, where the fourth 
bed is exposed in the small bum near Greenlaw Mains, but 
the others are not visible and have never been proved. Between 
Penicuick and Brunstone they are all seen several times crossing 
the North Esk River. The fourth bed crops out in Silverburn, 
near Penicuick House, and m the North Esk at the saw-mill. 
It is here in two beds, and coniains tti^ Produdus ^'v^a'Witeu.s 
in abuxidance, with P. ^mbriotus s^A. P. \m\^fx^mn»^ ^ 
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at Joppa. From the saw -mill it bends round and crosses 
Harken Bum near Cornton, and from thence ranges along 
between Brunston Castle and the North Esk, and again crosses 
that river near Brunston colliery, ranging along on the east bank 
till it is lost under Auchencorth Moss. The fifth and sixth beds 
are also seen in the North Esk opposite Brunston, but the latter 
only at one place, in a small burn which runs into the North Esk 
on the east side near Auchencorth. 

The South Parrot and Wood coals first cross the North Esk 
just south of the village of Penicuick, and, ranging along Birkin- 
side Wood, cross Hare Bum, and bend round by Hurley Wood 
to Brunston, where they have been distinctly traced, as shown 
on the Geological Survey Map, between the fourth and fifth lime- 
stone beds, till they are lost sight of under the Moss. 

In the section, fig. 18, these strata are shown lying under 
Auchencorth Moss and cropping out on the east side of it. Al- 
though neither the limestones nor coals have been seen at the 
point where the section crosses the eastern crop, there can be 
little doubt of their continuance, for immediately north of the 
line of section at Dykenook both limestones and coals are exposed 
crossing Black Burn, dipping to the north-west and west. In 
passing down the Black Burn between Dykenook and Penicuick 
many tumbled fragments of the limestone appear, evidently not 
very far out of place, but it was not possible to lay down the 
outcrop in a continuous line to where the same beds cross the 
North Esk at Valleyfield Mill. These are the fifth and sixth 
beds which are seen here, and contain the following fossils, — 
Orthis resupinata, StropJialosia striata, Streptorkynchus creni- 
stria, Rhynehonella, and Myalina, &c. 

From the North Esk at VaUeyfield these strata strike in a 
north-east direction towards Auchindinny Mains, where the 
upper bed of limestone is seen in the burns between that place 
and Kirkettle, and following the contour of the coal-field along 
the southern outcrop the same bed crosses the South Esk between 
Carrington and Amiston, lying immediately below the red sand- 
stones which represent the Millstone Grit. The exact position of 
the other beds is not known here, neither have the coals which 
are connected with them been proved, so that there is no 
information to enable me to lay down the outcrop on the map 
between Temple and Penicuick. 

On the east side of the coal-field, although these strata are 
never seen in any section except on the shore between Mussel- 
burgh and Prestonpans, they have been proved in the collieries 
of Cowden near Dalkeith, and Wallyford, and they were also 
cut through in the New Mills level. The two following sections* 
at these places give the thickness of each bed, and by comparing 
them with the section on the west side of the coal-field at Joppa 
each bed of coal and limestone can be identified. 



* The section of the Wallyford measures "was %Vveti \o xsi'^ "Vyj "^^^ ^"-C^-KCbsss^^ 
Mining Engineer, of Edinburgh, and that o£ Co^d"aTi,M ^'^^ KXexasAKt ^«t^«ii»^^ 
Cowden eoUiery, 
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Sections of the Upper Limestone Group at JVallyford and Cowden 

Collieries, 
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In these Bections there is another thin bed of limestone 4 inches 

thick, but it is not met with in the Joppa section. It will be 

also observed that there is a great discrepancy in the intermediate 

strata ; that they are much thicker at Cowden than at Wallyford, 

probably due to the beds of sandstone, which are throughout the 

district very inconstant. 

/ have at&ted previously that tli^se strata, are exposed in section 

on the coast between Mu8BeIb\irgh.aiid'Pxfe^\.<^ir^\ia, TftaiwaNk 

bed of limeatone crops out at the "west eDLA.oi\>Qft^ai\Xfit Wvil^vsA 
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is 1 foot 6 inches thick, and contains the following fossils, 
obtained by the collector in company with Mr. Salter : — Pro- 
ductus giganteuSy Bellerophon decussatus, and a small abundant 
Ghemnitziaj or allied genus, of a slender shape, with numerous 
closely turrited whorls, and a species of Macrocheihis, The fifth 
bed is seen on the shore opposite Prestongrange, and is in 
two divisions, separated by calcareous shale and fireclay. The 
following fossils were obtained fi'om it : — Productua giganteue, 
P. longispiTia, Streptorhynchus crenistria, Spirifer trigonaliSf 
cup corals (Aulacophylluml)y stems of Poteriocrinua, The 
sixth bed occurs opposite Drummore on the coast, from which 
there have been coUected the impressions of a sea- weed, known 
under the cognomen of " Caudagalli,'* with stems of Acti/no- 
crinus, Poteriocrvtius, &c. 



CHAPTER IX. 

The Millstone Grit. 

This division of the Carboniferous formation has never before 
been classed as a separate group in any map or memoir published 
of this district, although the thick series of sandstones and conglo- 
merates which here represent it have been noticed. Mr. Maclaren, 
in his " Sketch of the Geology of Fife and the Lothians/' p. 70, 
refers them to the age of the New Red Sandstone, and adds, "hut 
leas recent*' Mr. MUne, in his " Memoir on the Mid-Lothian Coal- 
field,'' correctly shows that this is erroneous, and that they belong 
to the Carboniferous epoch, but includes them in the limestone 
group of that formation. By referring to the Geological Sur- 
vey Map* and the sections, Plate I., and also the vertical 
section, fig. 17, it will be seen that these rocks occupy an 
intermediate position between the Carboniferous Limestone 
series and the Coal-measures, which lie in the centre of the 
coal-field. On the western outcrop they are seen on the shore 
opposite Joppa salt pans ; and from the high angle at which the 
strata here dip, the narrow strip which they form on the map 
is nearly the total thickness of the rocks, and this continues 
inland to the large fault near Gilmerton. On the south side of 
this fitult they strike along the valley of the North Esk River by 
Lasswade to Hawthornden and Roslin, where they form high 
cliffs of coarse red sandstone and conglomerate on each side of 
the river, lying immediately imder the coals of Whitehill in a 
nearly horizontal position. From Roslin they gradually bend 
round by Kirkettle and Shewington to the South Esk River 
between Carrington and Amiston Mains, where they possess the 
same character as at Hawthornden, consisting of red and white 
sandstone and quartz conglomerate. 

* Since the map was published I have seen the same series of rocks in Fife, on the 
coast between Dysart and Kirkcaldy, where they are mote feAV:^ ^«s^'cj\j«^ ^XJ^ksx 
this Memoir was in the press, I Tisited the Mid-lioKliai^ca Co«i3L-^<i^^ ^jgMXL, wA^^^ac^^ 
drawn in the bonndaries of the MiUstone Grit 'witXi \AieCM\»Ti\Sfttw»A^^a««^'^^ vsess* 
«od ttbe Coai-iiieMuref with greater accutaey. 
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On the eastern outcrop these rocks are seen on the coast at 
Westpans, near Musselburgh, and their position liere is well 
marked, lying immediately below the lowest beds of coal, which 
are the equivalents of the true English Coal-measures, and above 
the highest (No. 6) bed of limestone in the Carboniferous Lime- 
stone series, which crops out to the east of Westpans. From the 
coast these sandstones strike inland by CarbeiTy Mains and Long- 
side to the large fault at Cowden. On the south side of this 
fault they were cut through in the New Mills Level, near Dalkeith, 
but were here found to be of much less thickness than on the west 
side of the coal-field. The following two sections, taken from 
actual measurements of these rocks at Joppa salt pans and the 
New MiUs Level, show the relative thickness of the Millstone, 
Grit on the east and west sides of the coal-field.* 
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'Both tZiese sections are giyen in Mr.'M^<d'«'Mlemo\T oii\V«lfi^^*Tjfif^fi2a3k^2i^^ 
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It will be seen from these sections that the sandstones diminish 
very greatly on the east side of the coal-field, and also that the 
whole of the rocks between the Coal-measures and the Carbo- 
niferous Limestone series become much thinner. Whether all the 
beds marked fireclay in the first section are so may be doubted. 
It is probable that many of them are ordinary shales, similar to 
other strata in the Carboniferous series. 

A detached portion of the Millstone Grit, as shown on the 
Geological Survey map and section, fig. 18, lies in the middle of 
the narrow trough of the Carboniferous Limestone rocks at Auch- 
encorth Moss, between Brunstone and Mosshouses. It is here of 
the same character as in other parts of this coal-field already 
described, and consists of coarse red and white sandstone and 
conglomerate, which may be seen in ascending Hare Buru, 2 miles 
south of Penicuick. 



CHAPTER X. 

The Coal-measures. 

I have already stated that immediately above the sandstones 
and conglomerates, which have just been described as representing 
the Milktone Grit, there is another series of strata containing 
productive seams of coal, which are the equivalents of those 
which constitute the coal-fields in the south-western and midland 
counties of England, and also of the Newcastle and Durham 
districts. In the Mid-Lothian coal-field the true age has never 
before been assigned to these strata, and they have heretofore 
always been classed with the Carboniferous Limestone series of 
coals ; but there is this marked difference between them, that in 
the Coal-measures there is a totjil absence of those marine lime- 
stone beds which are associated with the lower series of coals, all 
of which contain true Carboniferous Limestone fossils. 'This, 
coupled with the fact that the two formations are separated from 
each other, as in England, by a thick series of strata of sandstone 
and conglomerate (Millstone Grit), containing no workable seams, 
and that in the rocks above this series here are found the ordinary 
species of Unio, or rather Anthracosia acutay Sby., the same 
being found in the English coal-fields. There is also a species 
of Rhizodus, of Amblypterus, and the Megalichthys Hibberti. 
These facts have caused them to be classed by the Geo- 
logical Survey as Coal-measures. As developed in this district, 
they contain two groups of coals, and as shown on the Geological 
Survey Map and in the sections, Plate I., occupy the centre 
of the coal-field, and lie conformably on the strata below them. 
The higher group, however, does not extend over the same rela- 
tive area as the lower ; and on the south side of the large east 
and west fault which runs through Dalkeith Park, only the le-tt^x 
are present, the former having been TemoN^^\i^ dLfcTwAa^a\ssvv, 
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1. The Lower Group of Coals — In the northern paii of the 
coal-field along the west outcrop, these are locally known as 
the " Brunstone," and on the opposite side of the basin as the 
" Cowpits " coals, from their having been principally wrought at 
those places. At the forper locality there are six seams, wbicli 
are named the " Greymecham," " Salters," " Nine-feet," " Fifteen- 
feet," ** Four-feet/' and " Seven feet ;" and at the latter the 
"Little SpUnt,'' "Five-feet," "Quarry," "Glass," « Barrs," 
" Three-feet," and " Six-feet " coals. The foDowing sections give 
the thickness of each seam, and the intermediate strata on each 
side of the basin : — 
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The coals given in the Brunstone section crop out on the west 
side of the coal-field, on the shore at Joppa salt pans, and dip to 
the east at an angle varying from 45® to 60°. As shown on the 
map they strike inland through Glen Nuraeries, crossing Niddry 
Bum, and pass on the east side of Brunstone House, at which 
place they are in a vertical position. From thence they continue 
south by Coldcoats, Woolmet, and Danderhall, till they are inter- 
rupted bj the large dislocation near Gilraerton, known as the 
''Sberiffball '' fault. 
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On the east side of the basin the " Cowpits " coals rise 
to the surface at Musselburgh Links and Pinkie, and dip 
to the west at an angle of 1 0°. At the latter place they are 
intersected by two parallel faults running east and west, 
the first throwing down the strata on the south 5 fathoms, 
and the other 6 fathoms on the north side. South of this last 
fault the coals continue without interruption to Midfield, where 
another fault throws them down 7 fathoms on the north ; and 
about half a mile farther south, at Cowpits, they are again 
shifted 1 6 fathoms fui'ther down on the south. Beyond this last 
fault the outcrops of these coals have not been proved, and none 
of them have been worked within a, recent date. It is said, 
however, that the two seams which are seen in the bum near 
Smeaton are the "Barrs " and " Glass" coals, the strata dipping 
here a little north of west. 

On the south side of the large " Sherriff hall " fault these same 
coals have been formerly wrought on the west side of the coal- 
field at Eldin, Bonnyrigg, Polton, and Barleydean, and are at the 
present time worked at Whitehill. There are four principal 
seams here which are known as the *' Great Seam," " Rough," 
*' Splint,'' and ** Jewell " coals. The strata vary so greatly in 
thickness that it is hardly possible to identify each seam in- 
dividually, but they are known to be the same as those at Brun- 
stone and Cowpits, from the fact of their lying immediately above 
the Millstone Grit, which crops out in Hawthomden under the 
Whitehill coals, as shown in the No. 2 section, Plate I. 

By referring to the map the three last of the above coals, viz., 
the *' Rough," *' Splint," and " Jewell " rise to the surface on their 
west outcrop at Melville Park, and between Lasswade and Bonny- 
rigg, and strike in a south-west direction to Hawthomden and 
Gorton, the dip of the strata being to the south-east at angle ol 
10®. The crop of the Great Seam is not known tiU we reach 
Rosewell, where it has been proved in Whitehill colliery. The 
following sections* give the thickness of these coals, and the 
intermediate strata at Polton and Whitehill : — 
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* From a report by Mr. Qeddes, '!ilBmiig'Efa(pa««c,'&idKi&$v)3^. 
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These coals south of Whitehill are not known till we reach 
Barleydean, on the southern outcrop of the Coal-measures, but 
they probably curve round as shown on the map. Here the 
" Great Seam," " Rough," " Splint," and " Parrot " coals have 
been proved and formerly worked. They are intersected by a 
fault, which throws the strata down on the south-east side 7 
fathoms. 

East of Barleydean there are indications of some coals having 
been formerly wrought between Carrington and Redside, which, 
firom the position they occupy, are no doubt a continuation of the 
same seams, as the red sandstones and conglomerates of the Mill- 
stone Grit series rise from below them in the South Esk River, 
near Amiston, the dip of the strata being rather to the west of 
north at an angle of 15**. 

Along the eastern side of the coal basin, south of the She- 
riffhall" feult, the crops of these coals have not been as- 
certained with accuracy. Their general line of bearing 
however, along the valley of the South Esk River by Fres- 
tonholm, Cockpen, Millhill, and Newbattle Abbey, and they 
were intersected by the New Mills Level near Dalkeith, where 
five thin seams of coal were found above the Millstone Grit 
sandstones, and which are no doubt the equivalents of the White- 
hill seams, although much reduced in thickness. Some of them 
have, however, been wrought in former times at Newbattle, it is 
said by the monks of the Abbey, and there are numerous indica- 
tions of these old workings on tiie surface at MiUhill and through 
Newbattle. 

Tlie upper group of Coals. — These are separated from the lower 
group, just described, by about 200 feet of strata composed 
principally of sandstone and shale, with four thin seams of coal, 
and are locally known as the '' Flat " coals in contradistinction 
to the " Edge " seams at Brunstone and Duddingston. They 
were formerly supposed to be unconformable to the other car- 
boniferous rocks below them, an error which was first pointed 
out by Mr. Milne.* That they are conformable to the lower 
group is perfectly evident on the east outcrop, where the " Cow- 
pits " seams, which have already been shown to be the same as 
those at Bininstone, rise gradually and at the same angle from 
beneath them. 

There are six principal beds of coal in this group, and, as I have 
previously stated, they only occupy the northern part of the coal- 
field, and do not extend south of the Sherriff hall £Eiult, which 
traverses the district near Dalkeith. They are named the " Clay- 
knowes," " Splint,'' " Rough," "Beefie," "Diamond," and "Jewell" 
coals, the last but one, however, being very inconstant, and not 
continuous as a workable seam throughout die basin. As shown 
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on the Geological Survey Map, the crops of four of the above are 
laid down along their western outcrop commencing on the shore 
between Musselburgh and Joppa salt pans, and strike inland 
through New Craighall, Shawfair, Newton Church, and Todhills, 
to Somerside, and are there cut off by the Sherriffhall fault. 
The eastern outcrop of the same seams is not so well ascertained, 
and they are often mterrupted by faults. They rise to the sur- 
face on this side of the basin at Musselburgh Links and Pinkie 
House, where they are intersected by the two faults which were 
mentioned as affecting the lower group at the same place. South 
of these faults the " JeweU " coal crops out at Inveresk, and be- 
tween the Midfield and Cowpits faults the same seam and the 
" Diamond " cross the Esk at the bridge of the North British 
Railway over that river. The latter slip, as previously stated, 
throws the strata down on the south-west side 16 fathoms, and 
consequently shifts the coals to the south-east, which continue 
through the north part of Dalkeith Park as far as Castlesteads. 
Somewhere near this place they must be intersected by a large 
fault, for the next locality where these coals appear is at Smeaton 
colliery, the " Jewell " seam being there 62 fathoms deep, and the 
" Splint " cropping out immediately east of the pit. As shown 
on the map, I think this fault must be a continuation of one 
which was proved near Newton House in the centre of the basin, 
to throw the strata down 6 fathoms on the south, but probably 
increases in size towards the east. It pointed in the direction of 
Castlestead, and there are indications of a disturbance of the strata 
at the point where it is laid down as crossing the Esk River, 
which may probably be caused by it. I was also informed by 
Mr. Gordon, the manager of the Cowden and Smeaton collieries, 
that a fault has been proved immediately north of Smeaton brick- 
works, but which has never been pierced, so that its amount of 
" throw " has not been ascertained. I think it is most probable 
that this is a continuation of the same slip. 

South of Smeaton Colliery the crops of these coals have not 
been ascertained, but they ai*e believed to continue in the direc- 
tion of and as far as Cowdenfoot, where they are cut off by the 
Sherriffhall fault, although they have never been wrought up to 
it. It is known, however, that this fault intersects them here, 
for numerous borings have proved that the lower group on the 
south side of it are iDronght to the level of the upper group. 

The following sections give the thickness of each seam and the 
intermediate strata, on the west side of the basin at Craighall, 
and on the east at Smeaton colliery : — 



J 



110 



GEOLOGY OF EDINBUBGH. 



Section of the Upper Group of 
Coals at (fraighall. 



Section of the Upper Group of 
Coals at Smeaton and Dalkeith, 
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IN. 




1. 


Clayknowes Coal 


3 









Sandstone and shale - 


28 





1. 


2. 


Coal 


1 


6 




Sandstone and shale - 


135 









Sandstone (red and 










white) 


135 





2. 




Shale 


4 







3. 


Coa/ (the "Splint ")- 


5 









Sandstone and shale - 


45 









Ironstone 





oi 


3. 




Sandstone 


18 







4. 


Coal (the " Rough") - 


4 





4. 




Shale ... 


42 









Sandstone and shale - 


13 







6. 


Coa/ (the "Boefie'O- 


6 









Sandstone 


36 


9 






Grey bands 


16 









Shale (red) - 


30 









Sandstone (red and 










white - - • 


22 





6. 




Shale - 


28 







6. 


Coa/ (the "Diamond") 


6 









Sandstone and shale - 


20 







7. 


Coal (the " Jewell ") - 


3 





7. 




Total thickness - 

m 


610 
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Coal (the "Clay- 






knowes " - 


3 


6 


Shale - 


8 





Coal (soft) - 


1 





Sandstone and shale 
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Coal - - - 


1 


3 


Red Sandstone and 






shale 


44 


2 


Shale, with Lnio - 


11 


1 


Coal (the " Splint") 


3 


10 


Sandstone and shale 


24 


8 


Coal (the " Rough") 





6 


Shale - 


5 


8 


Grey sandstone 


84 


4 


Shale - 





10 


CoaZ(the"Beefie") 


3 


6 


Shale and sandstone 


7 


9 


Sandstone 


19 


6 


Sandstone and shale 


28 


7 


Coal (the "Dia- 






mond") - 





10 


Sandstone and shale 


10 


6 


Shale - 


7 


9 


Coa/ (the "JeweU") 


4 





Total thickness - 


354 


3 



It will be seen from these sections that the strata vary con- 
siderably, and also that their total thickness is much less on the 
east side of the basin. The "Rough" and " Diamond " coals 
which are respectively 4 feet and 6 feet thick at Craighall, are not 
workable seams at Smeaton. 

In the Smeaton section the bed of shale which lies immediately 
above the " Splint " coal contains in its lower past a band 3 
inches thick made up entirely of Unios. This stratum, called the 
" Mussel bed " by the colliers, is very constant throughout the 
Coal-measure basin, and lies above the same seam at Craighall on 
the west side of the coal-field. 

Above the " Clayknowes," the highest seam of coal in the upper 
group, there are 267 feet of strata consisting principally of red 
sandstone and shale, which contain two thin beds of coal, the 
lowest 1 foot 10 inches, and the other 4 inches thick. These 
strata occupy the centre of the coal basin, and lie in the southern 
part of Dalkeith Park against the Sherriffhall fault. The highest 
bed is red sandstone, proved to be 61 feet thick, and no coals 
are known above it, but there is no doubt that it belongs to the 
Coal-measures formation, as it contains the same plants, Stig- 
maricB, &c., and is quite conformable to both groups of coals. 
These are undoubtedly the equivalents of at least part of the red 
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teries of rocks on tlie opposite shore of thu i'irtli between Leven 
and West Wemyss, and it ia not unlikely that they represent the 
sandstones and red shales that form the uppermost Coal-mea- 
aurea of some of the English coal-fields, as, for instance, tliosc of 
North and South Staffordshire. 

H. H. H. 



CHAPTER SI. 

Intrusive Igneous Rocks. 



I 



In the preceding chapters the formations have been described 
in stratigraphioal order, from the oldest upwards, including in 
their proper chronological place such trap rocks as can be shown 
to have been ejected eontempoi'aneoualj' with the deposition of 
the strata among which they occur. But these by no means 
include all the igneous rocks of the district ; there is, hesides, a 
vast number to which no exact date can be assigned, since they 
are found traversing indifferently alj the other rocks alike aqueous 
and igneous. It would be i-ash, however, to assume from this 
circumstance that they form, as a whole, the latest group of rocks 
in the neighbourhood. They undoubtedly belong to many dif- 
ferent periods of eruption, and there seems every reason to believe 
that they are to a large extent of Carboniferous age. 

Before entering into the details of some of the more important 
and interesting of these intnisive ti'aps, one or two facte relative 
to their general disposition deserve attention. At a first glance 
it is evident that these rocks nre not equally distributed over 
the district embraced in the present map, and on examination it 
will be found that, with the exception of the trifling greenstone 
dyke at Niddry, the prolongation of the Haddingtonshire one at 
Prestonpans, and that in the Esk at Carlops, no trap occurs east 
of the axis of the Pentlands, while west of that axis it is pro- 
fusely abundant, both intnisive and contemporaneous. Again, 
it will be observed that the intrusive masses range themselves 
sporadically, but in a general north-east and south-west direction, 
that is, parallel to the Pentland axis and its flanking faults, and 
to the strike of the country. For example, the Ratho and Kirk- 
newton greenstones form a pretty distinct group. North-east 
from these lies the series which ranges from Corstorphine to 
Queensferry, and then strikes north-east into Fife. Another 
sporadic assemblage clusters round Binny Craig, and extends 
likewise north-east to Queensfeixy. It will be seen, moreover, 
that although these traps con'cspond in their direction, as a 
whole, to the general strike of the rocks of the district, they do 
not in every case foUow the same rule individually. Their ten- 
dency is of course to keep between the lines of bedding, and 
hence they have themselves uot unScec^aeaVX^ z. \ftA.&ti. ■wwjssi.. 
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But in many instances they cut through the strata without 
reference to dip or strike, though even in their irregularity they 
do not widely depart from the north-east and south-west line. 
Lastly, it will be observed that many of the minor faults run in 
a general easterly and westerly direction, and that the trap-dykes 
preserve the same course, striking across the older traps and their 
associated strata. 

It would be premature, from the partial basis of evidence 
furnished by the present Sheet to generalize much on the intru- 
sive traps. It is, I think, presumable, however, that the east 
and west trap dykes belong to a later period than any of the 
other igneous rocks, with the exception of some at Arthur's Seat, 
to be afterwards described, and that they are consequently newer 
than any part of the Carboniferous series which they traverse 
throughout. That they are connected with east and west lines of 
fault is abundantly evident ; and as these faults have cut through 
the intrusive traps without being interrupted by them the pro- 
bability is that both faults and dykes are of later date. 

In attempting a description of the intrusive rocks of such a 
trappean district as a large part of the area embraced by the 
present Sheet, it is of course only possible to select some of the 
more important and interesting instances. In doing so it will 
be best to follow a stratigraphical order, beginning with the 
Silurian upwards. It is hardly necessary to remind the reader 
that this arrangement must not be regarded as at all a chrono- 
logical one. 

Intrusive Traps in Silurian Series. — In the two Lower 
Silurian patches which come into this Sheet no igneous rocks 
occur. But they are met with in great abundance both in the 
Peeblesshire Hills to the south, and in the Lammermuirs to the 
east. They are almost always felspathic, greenstone or basalt 
being exceedingly rare. The igneous rocks of the Lammermuirs 
will be described in th^ Memoir accompanying Sheet 33. 

In the Upper Silurian rocks of the Pentland Hills, notwith- 
standing the great thickness of overlying unconformable felstones, 
the only intrusive trap is the greenstone at Bevelaw. It is a 
hard, compact, sparingly amygdaloidal rock, and occurs as two or 
more dykes separated by hardened shale and grit. Its strike 
corresponds with that of the beds among which it occurs, being 
fromS.S.W. to N.N.E. 

Intrusive Traps in Old Red Sandstone Series. — In this 
formation, too, notwithstanding the abundance of contempora- 
neous felstone, intrusive trap is rare. With the exception of a 
small felstone vein in the Upper Conglomerate at the linn, 
Habbie s Howe, the dykes consist of a dull reddish brown or 
chocolate-coloured greenstone. Two may be seen in the Esk 
between Carlops and the Reservoir, and others occur on the 
Lyne Wafer. 
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Intrusive Traps in Carboniferous Series. — These are very 
abundani to the west of the Pentland axis ; they occur alao at 
the north end of that axis in the hiEs about Edinburgh, but only 
one or two instances are known of their occurrence in the great 
carboniferous valley of Mid Lothian. With the exception of the 
small felspathic dykes at Granton and those on the Linhouse 
Water above Midcalder, all the intrusive traps in this series 
are augitic The map gives the position and area of all that 
have been observed, but a few present features worthy of special 
remark. 

Castle Rock, Edinburgh. — This is a very compact phonolitic 
basalt. Its contour is oval, with steep sides, and the mass has 
thus a strong resemblance to a volcanic neck, that is, the solidi- 
fied lava fiUing up an old vent or crater. It Kes, as the reader 
will observe, between the contemporaneous ashes and lava-form 
traps of Arthur's Seat and Calton Hill on the one side, and 
Oraiglockhart Hill on the other, and not improbably formed 
the centre of eruption from which these igneons rocks were 
ejected. The south-eastern side is smoothed and striated verti- 
cally, owing to the downward movement of the long fault which 
passes through this point.* (See ante, p. 20.) 

The intrusive greenstones of St. Leonard's, Salisbuiy Crag, 
(fig. 19), and the Dasses have been 
Fig. 19. already described (pp. 21, 22), and 

GrkenstonbenvelofingSand- similar rocks occur at Lochend. 
STONE, Sai,isbdbx Ckajo. Numcrous dykes traverse the 
Lower Carboniferous Sandstones 
on which the town of Edinburgh 
stands ; those of which any details 
could be obtained from well sink- 
ings, drains, old quarries, &;c. have 
been inserted on the map. Those in 
the Water ofLeith have been well 
known since the days of Hutton. 

On the shore at the western 
breakwater, Granton, an instruc- 
tive section is displayed of about a 
^^^ a dozen light-coloured felspathic 
■1^ t greenstone dykes, traversing the 
-A sandstones and cut throu^ by 
&ults. 
Corstorphine Hill consists of a crystalline hornblendic green- 
stone, disposed as a bed dipping westerly. It occupies a higher 
position than the sandstones of Craigleith and Blackhall, and 
rests on sandstones and shales, which may be seen at many places 
along the base of the eastern escarpment. The southern limb of 

♦ See this section, figured by Dr. Greville in Lord Greenock's paper. Trans. Roy. 
Soc Edia., vol xiiL p. 39, et seq. His lordsbip eipluned the smooth. Eurfaces by 
mpposing that the trap came up in a semi-solid state and so look the imQC«s« oC 
the rocks across which it moved. Mr, Maclaten retenei \iifcio. \n "iofe io-frK^iia^ 
saovaoent iaoideat to die shriukiiig of the coo\e& iaa«s-, CjeD\.^i£e'uA~VA&..,'^-^%. 




114 



GEOLOGY OF EDINBUIUJH. 



the hill bends eastwai-d, owing to a change in the strike of the 
underlying beds. North of Oorstorpbine Hill several dykes and 
intrusive beds may be seen on the shore and at the lower part of 
the river Ahnond. A greenstone mass of considerable size, with 
a dip similar to that of Corstorphine, ranges from the shore 
a little west of the mouth of the Almond, southward to West 
Cndge. 

Mona Hill, Qiteena/en-y. — This enormous mass of greenstone 
rises to a height of 386 feet above the level of the sea, and seems 
to form part of the series which is prolonged by Inch Garvie into 
Fife. Its internal structure has sometimes a bedded aspect (as 
may be seen in the road cuttings south of Leuchold), which would 
lead to the in&rence that the whole most be an interstratified 
mass, but for its amorphous disposition, when viewed in relation 
to the st^ke of the stratified masses on its southern fdde, and the 
indurated texture of the shales which rest upon it on the shore. 
It shows in some places, especially along its northern and southern 
matins, large crystals of augite and pink felspar, which impart 
a granitoid appearance. The little greenstone bed which occurs 
below it at Hound Point, presents an interesting junction with 
sandstone and shale (figs. 20 and 21).* From Mens Hill south- 
westward a sporadic group of greenstones occurs among the 

Fiff. 20. 

GBBGNSTOm: IHTKUDED AMONG SANDSTONES AND ShA1,ES, HOUND 

PoiMT, South QnEEKsFEnuY. 




* See CoDDiDgbam, " Geoli^y nf Vhe 1*1111108,'' Mem. Wer. Soc, Td. v 
plMteoL., where aiwllierBketcliottluain«Twi6ieMftJkftt\ip^ctt. 



INTEUSIVE IGNEOUS BOCKS. US 

strata that immediatelj underlie and overlie the Queensfeny 
limestoQe. Some interesting sections of this series occur in the 
cuttings of the Edinburgh and Glasgow railway east of Winoh- 
burgh tunnel ; fragments of shale are there seen enveloped in the 
green8ix)ne which sends twisting veins into the contiguous strata. 
RaUui and Kirknewton — This group presents the usual 
features. Eatho Hill consists of a granular crystalline greeustone 
containing zeolitic cavities, and sometimes traversed by branching 
veins of a lighter coloured greenstone. The' north and south 
limb dips west, but the other appears to break through the strata 
insularly, and this change in the direction, along with the un- 
even outline of the eastern side, gives the whole mass a strong 
resemblance to a gouty leg stuck awkwardly upon a somewhat 
ungraceful foot. Dalmahoy and Kaimes Hill consist of a compact 
£n«-grained greenstone, lying ^^ a rudely columnar bed, between 
Lower Carboniferous sandstones and shales, which may be seen 
along the side of the north escarpment. The trap bosses about 
Kirknewton are all of greenstone. Near Midcalder, however, 
two irregular intruded masses of felspathic trap occur in the 
channel of the Linhouse Water, They greatly alter the con- 
tiguous strata and almost porcellanize the shales. Indeed, as 
a rule, the intrusive felspathic rocks in this district produce a 
much greater alteration in the strata than the augitic rocks. 
The lower of the two masses in the Linhouse Water assumes 
various aspects, sometimes resembling a felspathic amygdaloid, 
sometimes a porphyry, and sometimes an ash. Some of the 
sandy plant-bearing shales which it intersects have also an ashy 
appearance and are decidedly felspathic. The upper mass is con- 
siderably larger. . It consists of a pale yellowish felspathic i-ock, 
sometimes porphyritic and amygdaloidal, and approaching a 
greenstone in places. The subjoined figure represents one of the 

Fig. 22. 

FeLSXONB IKTOLTING ShALES, LiNHOOSE WaTEB, A. LITTLE BELOW 
CONTENTIBUS. 




sections on the side of the stream, a little below Contentibus. 
It is possible that both these felspathic rocks may be ecvKQ!»;jvK&. 
with the felstone of Corstou HiU, ■w\ac\i la oertaiatj «a. SsSjst- 
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bedded trap of Lower Carboniferous age occurring among strata 
considerably higher than those below Contentibus. In this case 
the relation might be compared with that pointed out between 
the Castle Eock and Arthur's Seat.* 

A prolongation of the Kirknewton group of traps may be 
traced to the south of Corston Hill in the detached greenstones 
of Auchinoon and Colzium. The line of the whole series, it will 
be observed, runs north-east and south-west, no augitic traps for 
some distance occurring immediately to the east or west. 

Binny Craig. — This is one of the most prominent hills in 
Linlithgowshire, since it rises with a steep western face to a 
height of 718 feet above the sea. It consists of a compact basalt, 
intruded partly as a dyke, and partly as an irregular sheet among 
the shales, which here represent the Queensferry or Burdie House 
Limestone. At the top of the cliff near the lughest point there 
is a remarkable cavity containing anthracite in aggregated round 
pencil-shaped stems; irregular layers of the same substance are 
found coating some of the joints, and the rock when freshly 
broken emits a strong bituminous odour. The latter peculiarity 
has been already adverted to. It characterises the whole group of 
greenstone masses which diverge to the south-west from Binny 
Craig. In connexion with these facts I would also refer again 
to the occurrence of petroleum in the chinks of the sandstone in 
Binny Quarry, not many yards distant from the end of the 
eastern prolongation of Binny Craig. The Craig itself has broken 
through the centre of one of the numerous Linlithgowshire 
anticlines, and the shales at its south end are contorted and 
hardened by the irregular trap bosses that have been squirted 
through them. 

Raven Graig. — This mass of greenstone, though not included 
in the present Sheet, has been already referred to as abruptly 
protruding among the limestones, basalts, and ashes of the Car- 
boniferous Limestone group between Bathgate and Silvermine. 
It has a strongly bituminous odour when a fresh surface is 
broken as in the quarry, between Clinkingstone and Bathgate. 
On the roadside, too, between Limefield and the Knock it as- 
sumes an amygdaloidal structure, and the cavities contain a 
quantity of soft bitumen. At its west end it has involved a large 
mass of limestone, which has been quarried. The Knock is a 
greenstone dyke dipping steeply to the east, and running at 
right angles to the general direction of the dykes in this neigh- 
bourhood. It may be traced into the South Mine lime quarry, 
where it thins away to a narrow vein adhering as a pelUele to 
the unquarried face of limestone. 

East amd West Trap Dykes. — These do not require any de- 
tailed enumeration, their position being sufficiently indicated on 



* There is no locality within easy reach of Edinburgh which roegents the leamer 
with 80 many instnictive sections as tihe c\iaTme\ of t]bft lAnlionse Water fo^ tUbooi two 
iiu/e« Abore itf junction witli tihe Almoivd^ 
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the map. I may remark, however, that they are most abundant 
in the trappean region between Bathgate and Linlithgow, and 
that there they occur chiefly along the bottom of the transverse 
valleys which cross the hills at right angles to the strike of the 
strata. These valleys appear in most cases to coincide with 
lines of fault of greater or less amount, and hence the trap dykes 
ought probably to be assigned to a period posterior to the fault- 
ing of the district. Where the dykes traverse a trap ridge, it is 
interesting to observe that they retain their distinctive features, 
and commonly stand out prominently, while the surrounding 
trap has weathered away. This is especially noticeable on the 
Riccarton Hills, also at Kipps, and to the west of the cottage at 
the Knock Hill. As an instructive example of the persistency of 
a trap dyke the observer may advantageously trace that which 
occurs at Nancy's HiU, south of Linlithgow, and extends westward 
through limestones, greenstones, and coals, into Stirlingshire, 
at the Canal aqueduct over the Avon. Another characteristic 
example is the dyke at Prestonpans, which may be traced east- 
wards for 6 or 7 miles into Haddingtonshire. 

The only dyke in the coal-basin of Mid Lothian is that at 
Niddry, near Portobello, which has a general east and west 
direction across the strike of the higher inclined strata of the 
Edge-coal series.* 



CHAPTER XII. 

Faults. 

It is seldom that the series of faults inserted on a geological 
map conveys a just impression of the actual number in nature. 
Only in a coal-bearing district, where the underground geology 
has been laboriously ascertained, do we usually obtain an insight 
into the really broken and fissured character of a district which, 
to judge from its surface, we should otherwise have pronounced 
regular and undisturbed. Hence the reason that coal basins 
generally appear the most faulted parts of a geological map, 
although in a<^ual nature they may be much less so than many 
parts of the contiguous country which have not been so 
thoroughly explored. It will be observed that the present 
Sheet forms no exception to the general rule. The Edinburgh 
coal-field, as there mapped, contains almost two-thirds of the 
faults inserted on the Sheet. They are numerous also in the 
coal-field of Borrowstominess. 



* A full and illustratire series of specimens of these intrusive rocks is deposited in 
the Museum of Economic Geology, Jermyn Street ; a similar set being ready for 
dii^y in the Industrial Museum, Edinburgh. See Descriptive C&taio^^<^ <^ ^arSs. 
Specimens in Mus. Econ« Geol., 2nd edit, pp. 354-^5^. 
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To attempt a detailed enumeration of the faults in this Sheet 
would be superfluous. Those which deserve remark in the coal- 
fields have been already noticed, and I shall here describe one 
or two in the older rocks. Even on a first glance it is plain that 
the fiEiults of this district group themselves naturally into two 
series, one more or less at right angles to the strike of the beds 
that is east and west, or from south-east to north-west ; the other, 
usually of greater magnitude, in long parallel north-east and 
south-west lines. To the former class belongs by far the larger 
number, including those of the coal-fields. In the Mid Lothian 
basin the prevailing direction of downthrow is to the north. 
The same is the case at Borrowstounness, where, by a succession 
of step-like faults, the greenstone, which caps Bonnytoun Hill 
at a height of 500 feet above the sea, is brought down to the 
sea-level in the short space of a mile. This structure is shown in 

Fig. 23. 



BONHYTXJUN HILL.. 



UNUTHCOW 
LOCH. 




riHTH or FORTH. 



fig. 23. The greatest amount of throw known in this coal-field 
is about 120 feet ; the greatest in the Edinburgh field is 480 feet, 
the direction of downthrow in each case being towards the north. 
The north-east and south-west faults lie almost wholly along 
the axis of the Pentlands. In place of cutting across the strike 
of the country as the other faults do, they run parallel to it. 
Flanking each side of the anticline, their effect has been to de- 
press the CarLoniferous strata against the older rocks of the hills, 
so that on the west side their downthrow is to the west, and on 
the east side to the east. The long line of dislocation, which ex- 
tends from the sea at Portobello to beyond Carlops in Peebles- 
shire, is probably the lai'gest fault in the district. It has thrown 
out nearly the entire thickness of the Lower Carboniferous Series 
on the east side of the Pentlands and brought down the Carboni- 
ferous Limestones and subjacent beds at high angles and even 
with a reversed dip against the Old Red Sandstone. The amount 
of throw cannot be ascertained with exactness ; it depends on 
the estimate we form of the thickness of the Lower Carboniferous 
rocks. ' If we allow the depth of strata between the Burdie 
House Limestone and the top of the Old Red Sandstone to be 
3,000 feet,* that would comprise the extent of downthrow at 



* The thickness of the Carboniferous strata below the Burdie House Limestone on 
the east side of the Peutland chain cannot be ascertained, owing to the long fault and 
partly also to the depth of drift which obscures the country. We can form an 
approximate estimate, however, from the region to the west, between the Pentland 

and the Bathgate Hills. The strata, as tVieTe ex^s«)^, cocimAt be less than 3,000 feet, 

and are probably more. 
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Oilmerton, but at Carlops we should 
have to add to this the thickness of that 
part of the Old Eed series which is 
there wanting. The fault that skirts 
the largest patch of Silurian strata and 
enters the head of the Logan Valley is 
of much less extent. It has depressed 
the Upper Old Red and Lower Carbo- 
niferous beds against a lower part of 
the series, and towards its north-east 
end it brings down the felstone of North 
Black Hill against a small patch of Silu- 
rian shales, the junction being seen at 
Habbie's Howe. This fault appears to 
die out in North Black Hill. The next 
fault in a north-westerly direction occurs S 
at Bevelaw, whence it flanks the hills in 
a wavy line as far as Arthur's Seat. 
For the first mile or two along the 
north-west slope of North Black Hill its 
course is pretty clear, and it there de- 
presses Lower Carboniferous sandstones 
at high angles against Silurian strata and 
felstones (Fig. 24). Beyond this, how- ^ 
ever, its line, owing to the want of 
adequate sections and the depth pf drifty 
soil, cannot be precisely ascertained, and 
is expressed on the map by a broken ^ 
line. Its eflfects, however, continue to 
be visible. At Warklaw and Torduff, 
for instance, it has repeated two of the 
felstone beds of the hills, as I have 
already shown (p. 12). In the Braid 
Bum, Lower Carboniferous sandstones 
come dose up against it dipping west 
by south at 30**. At Egypt, also, similar 
strata dip away from it at 30® ; and we 
may perhaps refer to its agency the 
remarkable truncation of the south side 
of Arthur s Seat, so similar to the trun- 
cation on the north side of that hill, 
which undoubtedly is due to a fsiult 
(p. 26). The next and last of these 
parallel &ults begins near the south- 
west end of Warklaw Hill, and runs 
thence by Colinton to the Castle Bock. 
It is visible in the bed of the Kenleith 
Bum, where it throws down Lower 
Carboniferous sandstones at a high angle 
against the felstone of Warklaw Hill ; 
ite eflfects at Colinton are visible in. th^ 
highly tilted sandstones, and tl[io\xg)[v 
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obscured north of this point, it still continues a powerful fault 
at Edinburgh, as already shown {ante, p. 20). 

In fine, when we reflect upon the extent of depression produced 
by these faults, we see at once that the Carboniferous rocks must 
formerly have stretched across the area of the Pentland Hills, 
and that it is to the agency of these dislocations, aided sub- 
sequently by an extensive denudation, that the older rocks of 
that chain are visible. To the nature and extent of this denu- 
dation I shall now advert. 



CHAPTER XIIL 

Proofs of extensive Denudation. — Later Rocks of 

Arthur's Seat. 

If the observer will place himself on any of the more promi- 
nent hills of the district he will see everywhere around him 
proofs of extensive denudation. The abrupt solitary crags rising 
from smooth-swept undulating plains, the long narrow valleys, the 
truncated ends of strata as in Salisbury Craigs shooting up into 
mid-air, the deep gorges that breach the highest hills even at the 
water-shed of the country, and, above all, that peculiar rounded 
undulating aspect of the whole landscape, convince him that the 
region has suffered much from the long-continued action of 
alvading forces. Nor is the impression lessened when he begins 
to analyze the structure of the district ; he sees from the evidence 
of the rocks proofs of enormous dislocations, but fails to detect 
any trace of them on the surface ; fissures and faults, which but 
for a denuding process would have left the country an impassable 
network of interlacing precipices and ravines, have been all 
planed down until not even a geologist would suspect any trace 
of their existence; truncated ends of once prolonged strata 
everywhere occur ; anticlinal ridges have been worn down into 
valleys ; and throughout the whole area, the hard traps stand out 
prominently, while the surrounding sedimentary rocks have dis- 
appeared. 

If it was sufficiently clear from the structure of East Cairn 
Hill (ante, p. 19) that the Carboniferous series once extended 
continuously over the site of the Pentlands, the fact is amply 
confirmed by the evidence of the parallel faults given in the 
preceding chapter. The entire thickness of the Carboniferous 
series in this part of the country is probably over 8,000 feet 
Assuming it, however, to be only 5,300, this would give an 
amount of material removed from the Pentland Hills alone 
(14 miles long by 3 broad) equal to about 42 cubic miles. But 
this would be much under the truth, and would represent besides 
only a fraction of the denudation of the country. To take 
another instance,* the limestone ridge of the Roman Camp Hill 



♦ It may aid the conception of this enormoos denudation, to compare it with the 

existing mass of the Pentland Hills. If we suppose the chain to have at present a 

general elevation of 1,000 feet oyer the surrounding country (though this would be an 

exaggeration), then the amount of remoired ma\ma\ ^o\v\<3l ^vxr^'^'^ \!r^ more than 

£re times the existing mass of the PeaUandBiWs. 
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extends for about 5 miles with an average breadth of, say, half a 
mile. The thickness of strata removed from this ridge is about 
3,000 feet, and their entire amount is therefore equal to 
209,088,000,000 cubic feet, and this again only represents the 
denudation of a narrow strip of ground. The whole of the sur- 
rounding country has likewise suffered, and it might perhaps be 
possible to calcidate roughly the depth of material removed from 
the area of the Lothians. There seems no reason to doubt that it 
is at least as extensive as the weU-known denudation of the 
Sussex Weald. Bearing these facts in mind, the observer will 
cease to wonder that so much of the geology of the Lothians is 
fragmentary and disconnected. His surprise will rather be to 
find that so intelligible a series of rocks has been left, and that 
even after the destruction of such a vast extent of Carboniferous 
strata, the story of the Carboniferous period can be made out so 
weU.* 

This great denudation must evidently have required a long 
lapse of ages for its completion. There is no evidence in the 
district to limit it even to Secondary times, for above the highest 
of the Carboniferous series no Palaeozoic or Secondary strata 
supervene, and the process of abrasion may have been going on 
during the whole or part of these periods. Rocks of older 
secondary age occur north of the great granitic barrier of the 
Grampians along both the eastern and western shores of the 
island. They occur likewise on the south side of the Silurian 
hills of South Scotland at Carlisle. But there is no evidence of 
their existence between these points. Of the condition of Central 
Scotland, therefore, during the long interval represented by the 
Secondary formations we have no trace at all. The denudation 
had been going on, and was indeed well nigh as complete as it is 
now, when the volcanic forces which had been so vigorous in the 
old Carboniferous times broke out again on the site of an old 
volcano. The products of this later eruption have been fortu- 
nately in part preserved, and form the upper part of Arthur's 

Fig. 25. 

Sketch-Section op Abthur's Seat (East and West Line through 
Summit). The Figures have the same reference as in Fig. 4. 
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* The Upper Siluriaikand Lower Old Bed Sandstone must of course have under- 
gone a process of abrasion preyious to the deposition of the Upper Old Bed and 
Carboniferous series. But there is not sufficient evidence in the area embraced by 
the present Sheet for the discussion of this point, which will therefore fonsL^«3ctc!b^^ 
•abeeqaent Memoir. 
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Seat. The accompanying figure represents the strucfcore of that 
hill, in an east and west section, through the summit. It showi 
at a glance that there is an utter unuonformity between the 
CarboniferouH trapa and these later ones, and that this uncon- 
formity must represent a very great interval, I shall here 
briefly attempt to show. 

I may remark, first of all, that there is no unconformity in 
any part of the Carboniferous series of this district. It is a 
consecutive series from bottom to top. Any strata, therefore, 
which rest unconformably on a part of this series must be later 
than the whole of it. It has been already shown that Arthur's 
Seat lies on the eastern side of the Pentland axis, and that this 
axis was at one time covered with Carboniferous rocks, to a 
depth of perhaps 8,000 feet. As these rocks are prolonged north- 
wards into Fife, it follows that the Carboniferous part of Arthur's 
Seat must in like manner have been submerged below this great 
accumulation of subsequent strata. The arching of the axis, or 
subsiding of the basins on either side, and probably also most of 
the faults, must have taken place to a large extent prior to the 
denudation. The Carboniferous rocks of Arthur's Seat were 
tilted along with the beds on the east of the axis, and now dip 
eastward below the coal-field. After this tilting the whole of 
the overlying mass of strata was gradually bared away, along 
with a large part of the Arthur's Seat beds themselves, the bard 
greenstones were left protruding as crags, the softer sandstonefl 
and shales being hollowed out into valleys, and eventually the 
bill had, as a whole, very much its present contour, when the 
eruption of the later rocks began ; nay, such may even have 
been its contour for ages before that period, since the coarse 
volcanic conglomerate affords good grounds for suspecting that 
the locality was then, as now, a ten^striol MIL The proof of 
these assertions is easily obtained. The instructive sections of 
the Queen's drive, especially that given in fig, 5, show that this 
conglomerate fills up valleys and wraps round the summits of 
elevated cliffs. The greenstone bed in that figure must unques- 
tionably have been a prominent crag like Salisbury Craigs when 
the ash and scoria fell thickly around and buried it. The north- 
west side of the high cliifs near the summit is not less convincing. 
The ash there fiUa up the shallow valley between the Long Kow 
and the Dassea, covering over both the crags, and hangs down 
into the Hunter's Bog, which it once undoubtedly filled, though 
subsequently removed by a later denudation, for such loose mate- 
rial could not gather as an impending cliff half way up a hill side, 
but must, even without the impetus of its ejection, have rolled 
into the valley below. 

Now it is plain that, to account for the great changes in the 
contour of this part of the country from the close of the Carboni- 
ferous period to the eruption of the later igneous rocks, we must 
allow a very long interval. I have already said that there la 
nothing in the district itself to limit the period of the denud*- 
tion, and to eater into the evidence dfidM^ibk from other paxta 
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of the country would be foreign to the object of the present 
Memoir. Besides^ we are stiU in want of some important links, 
especially as regards the Permian of South Scotland, and the 
question will therefore be more fittingly discussed when a larger 
amount of collateral evidence has been collected. In the mean- 
time I am disposed to acquiesce in a conjecture of Professor 
Edward Forbes, that the later rocks of Arthur's Seat are older 
Tertiary,* or at least that they belong to a late part of the 
Secondly series. 

The structure of the later part of this MQ is suflSciently shown 
in fig. 25. The first ejection was that of the coarse volcanic ash 
and conglomerate (a), which may be admirably studied all along 
the Queen's Drive on the south side of the hill. It is an agglo- 
meration of rounded and subangular blocks of all sizes up to 
2 or 3 feet in diameter, imbedded in red ferruginous felspathic 
paste. An examination of the enclosed fragments will show 
that they consist of the older rocks of the lull, sandstones, green- 
stones^ basalts, porphyries, and armygdaloids. The paste con- 
tains abundance of angite crystals. In some places it is soft, 
granular, and with few stones, again it acquires a firmer consist- 
ency, and even occasionally becomes as compact as a greenstone, 
of which last an instance may be seen on the south side of the 
hlU at the greenstone craig, figured in fig. 5, where the ash is 
as hard and firm as any of its included blocks. At the south- 
west comer of the hill, at the cliff called Eaven's Craig, the rock 
passes into a kind of greenstone ash, large fragments of various 
traps being imbedded in a greenstone base. But the relation of 
this rock to the rest of the ash is not very clear. When viewed 
from the south side the maiu body of ash appears to have a 
decidedly stratified arrangement, and to dip south-east at about 
30^. The sections on the roadlvay, however, show little trace of 
stratification. The rock there presents the utmost confusion, 
and the rude bedding, when any can be detected, dips at aU 
angles and in every direction. The whole aspect of this ash 
differs so entirely from that of any of the Carboniferous ashes (all 
of which are undoubtedly subaqueous), and presents so many 
features indicative of the absence of any assorting agent, that it 
ought probably to be considered subaerial. If this can be satis- 
factorily proved, it would form an important step in our inquiries 
into the post-carboniferous history of Central Scotland. In aU 
frittire explorations of the hill especial attention should be directed 
to the bottom of the ash, for it is not impossible that organic 
remains may be found between it and its carboniferous platform, 
and these, if well preserved, would probably decide the whole 
question. 

The rock of the summit (b) is a black, very compact basalt, 
lying in an irregularly oval patch, surrounded on all sides by the 

* The little Bketch-section wMch Edward Forbes drew of Arthur's Seat, shortly 
after his return to Edinburgh in 1854, still remains where he placed it, in one of the 
waU-cases of the Edinburgh College Mtiseum, to illustrate tlLe cAVl<^\\<ciii ^^ \<^^«Qa^ 
rocks. 
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ash. li ma.y be traced on the west aide, dettcending into the latter 
rock, and sending veins into it. In short, it forma what geologists 
know as a " neck," or plug of aolidified lava, filling what was 
once a volcanic orifice. The reasons for so considering it are well 
stated hy Mr. Maclaren, in his description of the hill (" Geology 
of Fife and the Lothians," p. 36).* 

The beautifully columnar basalt (c) of the Lion's Haunch con- 
tains large augite crystals with grains of olivine. It diffei's wliolly 
in texture and structure from that of the aummit, and rests upon 
the aah as an undoubted cake. If the obaerver will trace its 
southern boundary, he wUl find that just above the greenstone 
in fig. 5 it sends a narrow prolongation downwards, which 
plunges into the ash. This I am disposed to consider as a lateral 
orifice, through which the basalt was ejected. 

The only remaining rock in the hill is the porphyritic, and 
occasionally vesicular felatone (d), which forms part of the ridge 
descending from the summit, and truncating the Dry Dam to the 
south. Mr. Maclaren considered it one of tiie carboniferous 
felstones brought from the east side of the hill hy a complication 
of faults. But there is no evidence of such faults in any other 
part of the hill, and if they existed, there could not fail to be a 
trace of them along the well-exposed sections of Salisbury Craigs. 
Besides, the correspondence in strike between the carboniferous 
strata on either side of the later unconformable igneous roekB 
shows that there can be no faults of magnitude in the locality, 
and that any which do exist more probably throw the rocks east 
than west, I regard this felatone, therefore, as belonging to the 
later series of trajs, resting on the ash (AJ, and wrapping round 
the north-east end of the basalt (c), and aa consequently the last 
of the igneous eruptions in tbia neighbourhood. 

But these later igneous rocks are only the fragments of a once 
much more extensive group. The coarse ash must have fidlen 
thickly over the site of Edinburgh, and the fact that no trace of 
its extension now remains is no proof that it did not at one time 
stretch for many miles over the adjacent country. The cliflF of 
ash above Hunter's Bog is so manifestly a mere fragment, that it 
only requires to be pointed out. Again, the basalt of the Lion's 
Haunch never could have stopped abruptly on the surface of such 
a slope aa that of the south aide of the lull. Sir Charlea Lyell, 
indeed, has shownf that lavas may consolidate on slopes varying 
from 15° to 40° but only at some distance below the orifice, not 
above it, and along the side of a sharp declivity. It follows, 
therefore, that the area of Mid-Lothian has to some extent 
undergone a process of denudation subsequent to the eruption 
of the later rocks of Arthur's Seat. I do not think that this 



* It will be seen that in this pari of the descriptioD I agree entirely with tbtt 
geologist. My explanation of [he enslern pnrt of the hill, however, between tl» 
Buiumil and Bunsapy, cODfessedly [he mofl[ difficult pnrt of [lie whole, diffen nlw- 
getber from hi«, and recommenda itself, I think, from the simplicity which itinini- 
daces into what certainly at first aight seeioR difficult and conflised. 
f Phil. Tniis., Part II, for 1858, p. 103. 



LATER ROCKS OF ARTHUR'S SEAT. 126 

denudation can be accounted for by the operation of ordinary 
atmospheric causes^ though these may have acted with consi- 
derable effect in removing from certain areas the loosely agglo- 
merated dust and scoriae. But if no other force had been 
concerned, we should find the ash stiU remaining in many 
hollows and other places not exposed to the action of running 
water. Even on Arthur s Seat there are not a few such sheltered 
spots, which it can almost be demonstrated were once filled with 
this later ash, and these certainly could never have been swept 
out by rains and streams. But we have positive evidence that 
the district was again submerged after the eruption of these later 
rocks, and underwent some minor changes of contour. During 
this period, when hard greenstones and basalts were ground 
down and polished, the loose ash of Arthur's Seat might well 
have been swept away, and only that part of it left that had 
been more firmly compacted round the heated orifice. 

To the traces of this last era of denudation, called the Drift or 
Glacial period, I shall now advert. 



CHAPTEK XIV. 

Drift. — Kaised Beaches. — Kiver Channels. — Lacustrine 

Deposits. 

In the courae of the preceding pages frequent reference has 
been made to the superficial covering of drift clay, sand, and 
gravel spread more or less over the whole of the district. These 
deposits belong to the great Glacial Drift which covers Northern 
Europe, and was formed (during a general submergence of the land) 
by drift-ice transporting mud and boulders from higher to lower 
latitudes. The cfrift of Central Scotland appears to have resulted 
to a large extent from the action of coast ice, which formed round 
the shores of the interlacing islands and peninsulas as the land 
went slowly down. It consists of two main parts : 1st, the 
Boulder Clay or Till ; and 2nd, superficial sands and gravels. 

Boulder Clay. — This is a stiff* sandy clay more or less charac- 
terized by the presence of subangular and rounded stones of all 
sizes up to several feet in diameter. Its colour here is usually a 
dull leaden blue or black ; its common hue in a carboniferous 
country. In the Old Red Sandstone district of Berwickshire it is 
red, and it is known to vary according to the composition of the 
rocks on which it rests. It lies thickest along the eastern slopes 
of the hiUs, and never occurs at their summits. It has no deter- 
minate stratification, though occasionally sandy partings may be 
detected in it, and the enclosed boulders have sometimes, though 
rarely, a rude and apparently accidental semblance of bedding. 
Even when other members of the Drift series occur, the Boulder 
clay is not always present, its place being takei^u \ji^ ^'asv^ ot 
gravels. It occurs, of course, moat a\i\m!9Laaafit3 oti VXi^ Vs^^^ 
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grounds and valleys^ except where worked out by the action of 
streams, but it lies deep on the east side of Caim-naple Hill, 
Linlithgowshire, not less than 900 feet above the sea level, and 
along the north-west flanks of the Pentlands it rises to at least 
1,300 feet. No fossils have yet been found in the Boulder Clay 
of this district, except an ivory tusk at Clifton Hall near Batho ; 
but the circumstances of its discovery are not satisfEtctory, and 
it possibly came out of the remodelled gravels that overlie the 
blue tilL* 

When the clay has been recently removed we usually find the 
rock below polished, grooved, and scratched in a direction nearly 
east and west or E.S.E. and W.N.W. These markings even re- 
main distinct on hard greenstones which have remained exposed 
to the weather for an indefinite period. They are familiar to the 
students of the geological efiects of ice, and are found abundantly 
along the course of glaciers in the Alps, and of coast-ice in other 
parts of the world. They have been produced by firagments of 
rock and grains of sand fbnnly frozen into a mass of ice, the great 
weight and momentum of which has polished and striated, as 
with a file, the rocks over which it has passed. The parallelism 
of the striations throughout the present district shows that the 
floating ice must have moved in a pretty uniform direction, and 
that it was fi:om the west, is rendered dear by the striation of the 
western face of the hills, by the great depth of drift on their 
eastern side, and by the &ct that the transported boulders when 
traceable to their parent rock have been carried fi-om west to east 

Of the imbedded stones in the Boulder Clay the main mass 
are referable to the ordinary rocks of the district, greenstones, 
basalts, sandstones, &a ; but others of mica-schist^ gneiss, 
quartz-rock, and granite indicate a more distant origin. Many 
of them are striated, often parallel to their longer axis. The 
majority of the larger blodks are of greenstone, rounded and 
more or less striated. The peculiar greenstone of Corstorphine 
Hill can be recognized among the boulders washed out of the 
clays along the shore east of Leith. Several large blocks of 
sandstone, probably fragments from Salisbury Craigs, occur in the 
green hollow between the head of the Dry Dam and the Loch at 
Dunsapy. Several large greenstone blocks also occur south-east 
of these ; in short, the direction of transport of the boulders has 
been easterly, but the larger number do not appear to have 
travelled far. Of those which have undoubtedly been transported 
either from Cantyre or the Grampian Highlands I may refer to 
the mass of mica-slate weighing about eight or ten tons on the 
south-east side of Hare Hill above Habbie's Howe, which was first 
noticed by Mr. Madaren. The height of this boulder above the 
sea is about 1,060 feet. On the other side of the valley on the 
south-west slope of North Black Hill several smaller masses of 
white quartz rock occur, fuUy 1,300 feet above the sea-leveL 



* 8eeBald.liem.^«ni.^o^^i^x«.^^^ 
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Masses of gneiss, micanslate, and a hard metamorpbic conglo- 
merate are found in tolerable abundance all over the district. 

The following are typical localities for the study of the Boulder 
Clay : Silvermine quarry ; cutting of Caledonian railway behind 
Corstorphine Hill ; shore at Granton and between Leith and 
Portobello ; clay-pit at Millbank, near Gorebridge ; higher part of 
Dalhousie Bum, near White Hill ; and indeed most of the water- 
courses throughout the district. The glacial scratchings are ad- 
mirably displayed along the west side of Corstorphine Hill,* where 
the general direction is rather to the south of west, also near 
south-east end of Salisbury Craigs, and on side of Queen's Drive 
above Samson's Ribs ; on the side of the railway near Batho ; 
along the shore near Portobello the pebbles fixed in the Boulder 
clay are beautiftdly striated. On Riccarton Hill, west of Currie, 
the striations have a bearing of W. or W. 10° S. ; on the lime- 
stone at Silvermine, W. 10° N. ; on the sandstone of Hillhouse, 
due we^t ; every removal of the superficial driffc usually shows a 
striated surface on the rocks below. 

The peculiar contour of the hills called " Crag and Tail " was 
partly at least produced during the Drift period. Many of the 
more prominent hills consist of a narrow ridge sloping gently 
towards the east and rising abruptly fi:om the IcTwer ground on 
the west side. They also commonly have a valley or depression 
immediately below the steep side. The prominent part consists 
of hard trap-rock, and the tailing declivity of sandstones and 
shales. " Crag and Tail " is well displayed by the Castle Rock, 
Edinburgh, by Arthur's Seat, and Caltpn HilL But perhaps the 
most striking example in the whole of the district is that of 
Binny Craig. The summit is 718 feet above the sea, and 120 feet 
above the hollow on the west side, from which it rises preci- 
pitously into the most conspicuous hill between Edinburgh and 
Stirling. It is supposed that drift-ice driven from the west against 
these abrupt crags ground them down and heaped up mud, sand, 
gravel, and boulders on the east or lee-side. But this seems to 
account merely for the later modification of the outline of these 
hills, which must have been prominent before the beginning of 
the drift ; ice-action would tend to abrade existing ridges by 
making them narrower and lower, but it would hardly denude a 
country into ridges each bounded on the west by a trap-hill. It 
seems necessary, therefore, to refer the main features of " Crag 
and Tail " to a previous period, and to some process at • present 
not easily explained. 

The character of the Drift in this district indicates a period of 
slow submergence, which went on until probably every hill had 
sunk far below the sea -level, and when ice-borne blocks, from the 
snow- covered islets of Isla or the Grampians, were dropped on 
the submarine slopes of the Pentlands. When the land began to 
rise again, the successive levels of drifted material brought up to the 

I . I I . ■ 111. I I I ■ ■ II ■.■■»» 

♦ See Sir Jamei Hall's Paper, Trans. Roy. Soc."E^nu,"7c^'TC\.% -aJ^to ^^3M\«t^58i^ 
Geol mfe and Loth., p. 214 ; Fleming's lAthology oil£id2as\s«xt^>'&« ^^« 
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sea margin would undergo a process of sorting and re-anange- 
ment. Hence arose the sands, gravels, and stratified sandy clays 
which cover the great blue tilL They may be seen everywhere. 
I may refer especially, however, to some parts of the valley 
between Linlithgow and Falkirk, and also to the lime quarries of 
Crichton Dean. These superficial deposits have of course a 
general stratified arrangement, often rude enough, however, and 
even wanting. In some parts, as for instance, in the sand pits 
half way between Edinburgh and Portobello, ihe sands are 
perfectly stratified with that diagonal lamination, or fidse 
bedding, so common in the carbonifierous sandstones of these 
counties. 

Brick-dajfs, — CSare must be taken not to confound the sands 
last mentioned with others of a still later date, formed in great 
measure by a washing of the Drift along the comers of streams. 
The peculiar loose shmgly character of such liver deposits can in 
general be sufiiciently discriminated. The observer must also 
guard against classing together the blue till or boulder day with 
certain fine stratified clays, containing few or no pebbles and 
used for brickmaking. Such brick-^iays are well displayed in 
the tile woiks at Portobello, where they contain Scrobicularia 
piperuiay nuts of the hazel, and branches of oak, beech, thorn, 
hazel &cl all of still indigenous species, while the boulder day 
has not yet proved fossiliferous. The true brick-days* only occur 
in tiie present district along the coast line, as at Portobello, 
Granton, and Blackness. They are evidently the result of a 
washing of the underlying boulder day. when the land stood 
firvkm 20 to 30 feet lower than it does at presenl Such a 
difTeience of levd would indent the southern shores of the Forth 
with little creeks and inlets, where the sea washing against blufis 
of the N>ulder day would re^arrange its materials, leaving the 
courser parts as sand and :!hingle along the shore, and depositing 
the finer mud in stiller water to seaward. Whoe any stream 
entenHl it might carry logs of wood &om the interior, and these 
would readily be entombed in the muddy silt. Such ai^peais to 
have been the oriirin of the biick-dav of Portobdia 

BaU^ Betich^^ — ^The bri<^ days;, therefore, must be con- 
nected with a rising of the land subsequent to the gmieral deva- 
tion at the dose of the glacial epodu The proofe of this diange 
of levd ax^ numexvMis and satis&ctorv, and occur move ch- less 
along Uie whole siL>uthiaii coast line of the Imh of For^ They 
ai>^ well exhibited on the rv>ad betwei^i Leith and Portobella 
Th^re the K>ulder day fonns the pnesent beach, and along the 
high-water line, wheiv fiur out of the haUtat of the fivii^ shells, 
it is perfomte^l by Jf^^.i rrHi«iti^<K with the siphuncular end 
uppieraKst. and other shells in their natural positioiL Dr. Fl^n- 



* TV Kn» i» ttKd :m a ^yv^k^rimuL cioc am r>dw«nit swc. S«se putt of tbe 
SMHiAer <^5. wVffv fty>r fSwi K«>xt^ ji:v I:^ Boaj puns wd 6r MckmikiBg. 
TVr ^Tw Va-sK-iww^ W'cy^cvr. » ^teoKrCr vw«i Vx ckwcstt m Scc ti— d to denote 

^^..e :^^>- ^ ^ Jf in U\l lIljiliiiMl'Bt WUirWI if 1111-1111111 
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ing, in his Lithology of EdinbmgL, has endeavoured to throw 
discredit on Hug^li Miller's observations at this locality. I 1 
viaited the beach with the latter naturalist after his paper* Lad 
been written, and we collected twelve additional instances of the t 
Mya truncata in its natural position. His observations are ' 
certainly worthy of the fullest confidence, they show that at . 
a former period what at present forms the high-water line must i 
have lain within the habitat of the Jfi/a, that is between 18 and ' 
40 feet lower than at present.f But this locality affords addi- \ 
tional evidence of a rise of the land. Immediately above the 
boulder clay with the Myaa there is a low cliff made up of suc- 
cessive strata of sand and sheUs of the common littoral species. I 
The assortment of these beds could not have been effected by 1 
wind ; they are undoubtedly the products of wave-action along ] 
a sandy shore, and they therefore represent a former line of beach. 1 
But, further, if we cross the level space formed by the grass grown I 
surface of these strata we come to a wavy indented diff line of 1 
boulder clay. This must have resulted from the eroding influence ' 
of shore- waves ; there is no other way of accoimting for it ; it was 
in fact the high-water mark at a former period of our country's 
history, when the land stood perhaps from 30 to 40 feet lower 
than it does to-day. We have here three sources of corroborative 
evidence, the shells, the littoral sands, and the receding indented i 
cliff-line, t 

Similar featm-es can be traced westward by Granton to " 
Queensferry, and thence to the mouth of the Avon. At Kinneil 
a. long bed of detached oyster valves, lying with great regularity 
among sandy beds, occurs about 36 or 38 feet above bigh-watCT 
mark, and is flanked behind by a steep cliff-line, the top of which 
averages about 90 or 100 feet above the high-water line.g 

Alikhviu/m, River Deposits. — As the present valleys in which 
the streams flow are usually more or less filled with drift, they 
must be assigned to a period anterior to the drift, save in those 
cases where it can be shown that they have resulted from glacial 
action. Most probably, before the glacial submergence, they 
were traversed by streams a.s now, so that, since the re-elevation. J 
of the land, the work of these streams has, in many cases, onlyj 
been to sweep out the drift and deepen their former channels. ■ 
. The inequalities of the surface of the drift, however, would doubt- 
less give rise to many new watercom'ses, which would retain 
their dii'ection in the solid rock even after the superficial drift 
had been removed. 

The alluvial deposits and the eroding power of streams may ■ 
be advantageously studied in the higher reaches of the Water of J 

• Hugh Miller's paper on this locality was read beibre the Royal Physical Society 
of EdinbDrgh, bnt not pablished. 

I The Mya Iniaeata oocara in the Firth of Forth from low water to seven fathoms. 

i The signifirBnce of such fuels as those on trhic^h the above inforcaccB are funnded 
was Brat pointed out more than 20 years ago by Mr. Smith of Jordanhiil, Edin. New 
PhiL Journal, xiv., p. 378. J 

§ Macluen, Proc. Boy. Boc. Edlu., vol. ii. p. SGa. ^t 
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Leitb. There is a particularly instructive part of its course at 
Leith Head Mill, in the pavlsh of Kirknewton, where the atrean) 
has left two terracefi aboTe its present bed, the under one being 
from 3 to 4, and the upper 8 to 10 feet above the level of the 
stream. The whole course of this Btream is full of instructive 
sections, not ouly of the older rocks, but of the drift and of the 
actii^n of streanis liable to sudden freshets. In the sections of 
itfi alluvial deposits layers of dark peaty matter are often seen 
interstratified among its sandy beds, indicative of former Fjur&oes 
of vegetation destroyed by irruptions of silt when the stream 
was in flood. Such interlaminations never occur among the 
superficial sands and gravels belonging to the drift series. Biver 
deposits have commonly a looser, more shingly character than 
these drift beds, and of course occm- in valleys or low grounds 
where streams could act, and not on the sloping sides of hillsj as 
the latter often do. 

The extensive flats of mud and sUt along the shores of the 
Firth, more especially on the south aide, are due to the detrital 
matter brought down by the Forth, and deposited when the 
onward motion of the fresh water is checked by the contrary 
direction of the tides. Some of these alluvial plains have been 
reclaimed, as the Carse of Kinneil and others might be, especially 
between the coal-fields of BoiTowstonnneas on the south side of 
the estuar)' and Torrybum on the north, the subterranean 
mineral wealth compensating in this case for the expense, in 
addition to the great agricidtural value of the alluvial soil 

Lacuetrine Deposits. — In the district described in this Me- 
moir there are three natui-al Likes. — Linlithgow, Loohend, and 
Duddingstone Locha, besides evidences of several others. The 
deposits of a lake consist of peaty matter, flue sand or mud, and 
layers of marl formed of the congregated remains of Paludina. 
Lymnea, Pla/norhis, and other fresh-water shells. These sheUs 
are found living in the lochs juat named, as well as in ponds and 
ditches in the neighbourhood, and layers of vegetable matter are 
also gathering, especially along the margin of the water. Dud- 
dingstone Loch is in this way slowly becoming filled up by a 
growth of aquatic plants. The Meadows, Edinburgh, onoe 
formed a lake called the Borough Loch ; and a painting still 
exists of "Watson's Hospital from the south, showing the strip of 
• blue water of the Borough Loch in the foreground. In the 
process of sinking some drains in this locality, a bed of lake- 
peat, from a few inches to upwards of a foot in thickness, was 
foimd immediately below the soil. A thin layer of mai'l, with 
the common fi^sh-wator shells, underlaid the peat and rested on 
some silt sand or fine gravel, below which came the boulder- 
clay.* 

Similar evidence exists at Linlithgow of the lake there having 
once covered a much more extensive area. 

* Fleming's lithobgj of ^!itoftnai{J\, ^. los. 
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Blown Sand. — The " links '' of Musselburgh and Leith are 
dunes of blown sand, the movements of which have beenarrested 
by vegetation. 

For the geological effects of still active forces, the observer 
should examine the whole coast line, noting the various modes in 
which rocks yield to the action of the surf, and the way in 
which the secfiment thus produced is assorted above low- water 
mark. With this he wiU connect the habitats of Mollusca, &c., 
as these bear on geological speculation. The ravines will furnish 
him with proofs of the agency of frosts and rains, and the powerful 
though tardy influence of streama The lakes and ponds offer to 
him interesting facilities for comparison with some of the older 
rocks described in this paper. * By thus connecting the present 
with the past conditions of the country he will acquire a more 
enlarged ^nd a more thorough knowledge of both, 

A. G. 



Note to p. 129. 

Since the preceding pages were printed a remarkable section has been laid open in 
the raised beach of the south side of the Eirth of Forth. It occurs on the side of the 
Junction Boad which skirts the southern edge of the town of Leith, and lies above 
the valley of the Water of Leith at a height of about 25 feet above the present high- 
water mark. The following is the succession of beds there visible : — 

1. Littoral sand, broken shells and stones, with barnacles affixed. 

2. Brown sand, earthy below, passing down into 

3. Dark sandy clay with ostrea, mytims, and pieces of pottery. Thin lenticular 

seams of sand are interstratified. 

4. Thin seam of sand and gravel. 

5. White sand showing diagonal stratification. 

6. Coarse shingle. 

The bed marked No. 3 was examined by me with great care, and I ascertained 
beyond the possibility of doubt that it is a true littorsJ deposit, formed exactly as 
similar dark muddy silt is now forming along the shores of the Firth. It presents 
every evidence of quiet deposition, and is moreover covered by successive layers of 
sand and gravel, some of the larger stones having still their barnacles attached. The 
pottery fi's^gments are imbedded in this clay horizontally like the flat stones and 
oyster valves. They are thick, of a coarse texture, and pale yellowish grey colour, 
and exactly correspond to fragments of undoubted Roman pottery in Uie Scottish 
Antiquarian Museum. The inference to be drawn from their occurrence here is that 
the land along this part of the Firth of Forth has risen 25 feet, or thereabouts, since 
the time of 9ie Eomans. A detailed account of the section, with notices of the 
Roman walls, ports, and other remains along the sea-margin of this part of Scotland is 
in preparation, and will be published elsewhere. — ^A. G. 
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APPENDIX. 



Descriptions and Lists of Fossils, by J. W. Salter, F.G.S. 



Notes on the Silurian Fossils of the Pentlakd Hills. 

The relations of the Silurian beds of the Pentland Hills could not be 
satisfactorily made out, till the Lesmahago district in Lanarkshire had 
been examined for fossil data. They were accordingly compared in 
the summer of 1859, and the following succession established, which is 
nearly identical for both districts : — 

1. Dark thin bedded Shales, with Crustacea (Ceratiocarts), at 

Lesmahago. Possibly the same beds at Habbie's Howe, Penl- 
lands, with no fossils. These lie at the base of the section. 
Above them come — 

2. Hard stone-bands, with olive shales between them, Logan Water, 

&c., Lesmahago, North Esk Reservoir, and Bavelaw Castle, 
Pentland Hills. These bands are full of a peculiar crustacean, 
Dictyocaris* 

3. Pterygotus shales^ dark blue grey (with many Crustacea in the 

Lesmahago district). Of much more varied composition in the 
Pentlands, and fossils very scarce in the latter. 

4. Lingula and " Trochus " beds. — So called from the great abun- 

dance of a small Lingula and a spiral shell allied to the Trochus f 
helicites of the Upper Ludlow Rock. The spiral shell only is 
present in the Pentland Hills, but is associated with numerous 
species not found at Lesmahago. In both cases these beds pass 
up into — 

5. Red Sandstones and Shales, — Base of the Devonian Rocks. The 

above sketch is given for the sake of definitely establishing the 
claim of the Pentland rocks to be considered (as those of Les- 
mahago certainly are) the uppermost i)eds of the Silurian series, 
or Ludlow Rocks. They were formerly, on the evidence of one 
or two fossils, considered as Wenlock. 

There is sufficient diversity, however, both of mineral character and 
fossils, between the two districts, to warrant the belief that they were 
under diflferent conditions of depth of water at equal times. The rocks 
of the Pentlands were less argillaceous, and more varied in composition 
during the deposition of the Pterygotus shales. No. 3, than those of 
Lesmahago ; and they consisted of finer sediment, with only occasional 
grit-bands, in No. 4. These last-mentioned beds, which are not uniform 
in texture, and contain but very few fossils at Lesmahago, have in the 
Pentlands a great number of species, — shells, sponges, Crustacea, and 
echinoderms, as shown in the following lists. 

No. 1. Beginning with the lowest beds, the dark shales have as yet 
j^ielded nothing, but are very well worth further search for Graptolites 
Ht Habbie'B Howe. 
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No. 2. Stone bands and olive shales, contain 

Graptolithus priodon, Hare Hill, PL 11., fig. 22, 
Rhynchonella compressa. Hare Hill and North Esk Reser- 
voir. 
Thectty sp., PI. n., fig. 21. 

The above species were discovered by Mr. G-eikie. 
The most abundant fossil, however, is a large new crusta- 
cean described by me in the Annals of Natural 
History for March 1860, and named Dictt/ocaris, on 
account of the coarse reticular surface. It is apparently 
a huge Phyllopod, distantly allied to Aptis or Nehalia, 
Only the carapace (which is bent along the dorsal line, 
not bivalved,) and an obscure body ring or two, are yet 
known, but it is so conspicuous and common a fossil 
that it must receive a name. Fragments of it occur 
everywhere in the Lesmahago district, and in similar 
beds. 

DictyocariSy n.g. 
Carapace ample, triangular, pointed anteriorly, the pos- 
terior margin truncated, the ventral edge produced 
(truncate?) and strongly margined. Surface covered 
with a close hexagonal reticulation. Body joints and 
caudal appendages ? 
Dictyocaris Ramsayi, n. sp., PL II., fig, 20.* 
D. modicuSy testa solidula ? Cephalothorax 4 uncialis, 
triangulatuSy postice convexus, fore gihbus ; dorso 
rotundatOy margine ventrali producto truncato, valde 
marginato, 

I cannot but believe this a distinct species from the D. Slimoni of 
Lesmahago, with a much more triangular carapace, thickened, and 
margined by a tolerably strong furrow along the anterior and ventral 
margins. Moreover, the carapace appears to have been far more convex, 
less distinctly reticulate, and never to have attained the size of D. 
Slimoni, which is often 7 inches diameter. (Ann. Nat. Hist. I.e. 1860, 
p. 162.)t 

A strong ridge must have existed on the inner side of the carapace 
along the ventral border, as a furrow is left there on the cast, and 
several irregular ridges run along the dorsal margin, or down the posterior 
slope, due probably to grooves on the inner surface. In our figure the 
anterior portion is restored in outline. A corresponding fragment shows 
these grooves strong and definite upon it. 

Locality. — ^North Esk Reservoir, south-east end of the Silurian patch 
near Carlops. 

No. 3. Has yet yielded no fossils in the Pentland section. 
No. 4. Upper Ludlow Beds ; the ** Trochus *' beds of Lesmahago ; 
commence with a grit bed (with some traces of fish ?), 
then followed by a light coloured shale full of fossils. 
The following is a list of the species. The numbers of the 
quarries are given in ascending order, but there appears to 
be little difference between them, b, is the lowest shale 
quarry above the fish bed a. 
b. Chondrites verisimUiSy n. sp., a true seaweed, PI. H., fig. 1, 2. 
b, Amphispongia oblonga, n. sp., PI. 11., fig. 3. 

* The author of the ^ Gentle Shepherd" laid the scene of his poem in this district, 
t I think the restoration of the body there given might be improved by thlckjs^Qsmi.^ 
and enlarging i^ and I have done so in oni ^gose %0 a. 
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b, Stenaporafibrosay Groldf. 
b. Favoiites alveolaris, Goldf. 

b. Petraia, sp. 

c. Protaster Sedgwicki, Forbes ; a Kendal species, PL 11. fig. 4. 

a. PeriechacrinuSy and two other kinds of Encrinite stems. 

b, SerpulileSy sp. 

b. Beyrichia Klodeni, McCoy, var., fig. 5. 

b, Phacops Siokesity M. Edw. 

c, EncrinuruSy sp. new. 

b. Pterygotus acuminatuSy Salter, — a fine jaw-foot of this species. 

b, Ceriopora granulosOy Goldf., Fl. II. fig. 6. 

c, Rhynchonellay distinct from J?. WtUaniy^^^g* 7. 

a, b, Atrypa reticularisy Linn. 

b. Or this elegantulay Dalm. 

bf 0, reversOy Salter ? or an allied species (p. 138.) 

b» Strophomena applanctUiy Salter. 

b. S. depressOy Dalm. * 

b. Leptcena transversalis, Dalm. (in quantity), fig. 8, 9. 

b, Lunulacardium elegans, n. sp., fig. 10. 

b, Ctenodonta obesa, n. sp., fig. 11, 12. 

b, C ThracioideSy n. sp., fig. 13. 

b, C.y small smooth ovskl species. 

b, Anodontopsis lucinUy n. sp., fig. 14. 

b, Orthonota bullay n. sp., fig. 15. 

b, 0. amygdalinay Sow., var., gentiliSy fig. 16. 

b. Loxonemtty sp. 

c ? Euomphalus funatusy Sow. 

b. Acroculia antiquatay fig. 17. 

b, do., young, or another species ? fig. 18. 

b, Cyclonemtty n. sp. 

b, Pleurotomariay sp. 

a, c. Platyschisma simulanSy n. sp., fig. 19. 

c. Bellerophon (like B, carinatus), Sow. 

b. Orthoceras McLareni, Salter. 

b. 0., smooth species. 

c, 0. subundulatumy Portl. 

b. Conularia Sowerbyiy Defranoe* 
b. C, sp. 

Desoriptiona of the Species, 

Alqje, 

Chondrites verisimilis, PL 11., fig. 1, 2. 

Frond two or three inches long, bipinnate, much branched; the 
branches fastigiate but not crowded at the tips, wavy or eren zigsag 
above, and clothed with frequent short setaceous ramuli. The branches 
are linear, narrow below, alternate, branched again from their lower 
portions, and as well as the upper branches at an acute angle. The 
ramuli are curved, oblique pear the ends of the branches, but more 
spreading below ; apparently they are in distichous arrangement, — 
never secund. 

The above description, though necessarily imperfect, will recal 
several of the common British species of Alga. There is the bipinnate 
frond, with flat or compressed branches, collected into somewhat 
fastigiate or bushy tops, and beset with short pointed ramuli, as well as 
the zigzag form of the branches themselves, which are attenuated below, 
and generally alternate, but sometimes accidentally opposite. Nearly 
b11 that coald he said of a British specmieii o^ Gelidium cartilagineum 
or jPlocamium coccineum might b^ eaid oi tib^ Q\i «»^^v^. *IV);^\& ^^ 
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more satisfactory, because scai'celj any of the so-called Fucoidg of the 
old rocks are truly so, the branched and inosculating burrows of marine 
worms haying been in so many cases mistaken for them. Of this one 
there can be no doubt. Three specimens were found in a limited space. 
Locality. — Deerhope, Pentlands, on the North Esk Beservoir^ above 
Carlops, Peeblesshire ; collected by Mr. R. Gibbs. 

Amobphozoa. 
Amphispongia, n. g. 

A calcareous sponge, of oblong or subclavate shape, and upright 
growth, solid, or with a narrow central vertical canal below, from 
which branch off numerous oblique, strong-walled, lateral tubes, the 
interstices crowded with spicula. Above, the mass is wider, apparently 
with a large cavity (so as to become pressed flat in the fossil) and with 
no distinct canals but abundant spicula. These latter are large, 
apparently tricuspid (T shaped*) with a bulb at the point of trifurca- 
tion, and their longer sides arranged transversely, and nearly parallel, 
over the surface. The apparent difference of structure in the upper 
and lower portions suggests the name. 

A, oblonga, n. sp., PI. U., fig, 3. 

Numerous specimens of this irregular fossil were found in a small 
quarry above the North Esk Reservoir on the Pentland Hills. 

They appear as compressed elongate, oblong masses, about 1^ inch 
long, and ^ of that breadth above. Below they are considerably 
narrower, and with a blunt rounded base, the general shape being thus 
somewhat clavate. The lower portion,*— about one sixth, — which must 
have been more solid than the upper, is conspicuously different from it ; 
numerous curved radiating bars (hollows in the cast) rise obliquely 
from the central line, and terminate bluntly with rounded tips on the 
periphery. Above these, similar but longer, narrower, and straighter 
radiating btmdles occupy the middle of the mass, and between and among 
these and the more solid masses before mentioned, numerous fine slender 
spicula are closely packed. The upper and wider portion is occupied 
by these small spicula only, which are seen under a glass to be triradiate, 
with one cusp at right angles to the two others, and bulbous at the point 
of insertion. They are arranged transversely to the axis, with the 
straight sides outermost, and the third cusp directed inwards, and are 
placed so closely in transverse lines parallel to each other, as nearly to 
cover the surface. From their leaving cavities in decay, they must 
have been calcareous, not siliceous ; and the radiating bundles have 
the same character, and are almost certainly the places of close packed 
groups of spicula which formed the walls of radiating canals like those 
of Grantia, These strong bundles only occur near the base. 

In all this there is a general agreement with those calcareous sponges 
described by Dr. Bowerbank, of which the nearest type to the fossil 
appears to be the species of Grantia. There is a central cavity, largest 
above and contracted below into a mere canal by the thickening of the 
parietes of the sponge, and a consequent elongation of the lateral 
(interstitial) canals in the lower part. A skeleton of triradiate rect- 



* Bectangalar-triradiate (Dr. Bowerbank) is perhaps a better term. See his paper on 
Grantia in Trans. Micr. Soc vol vii. pi 5. In a letter (1861 ) he says, " Amphispongia 
« has characters of close alliance with Orantia ciliata, 8cc,, in the arrangement of 
« the large intermarginal cells, &c. The rectangnlar-triradiate spicula abould he near 
** the apex. Have you no equiangular ones in &e parietes?" 
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angular spicula, combined with bundles of long needle-shaped (acerai 
ones around the larger apertures, and a general similarity of foi 
All these characters combine to assimilate Amphupongia to Grani^ii^ ^ 
from which however the apparent absence of lateral canals in the uppMi'^ 
part, and at all events the great solidity of their walls in the lower 
part, will distinguish it readily. 

This is not the first determination of sponge spicula in Silurian rock&lif^ 
McCoy has described some very large 4-or 5-rayed spicula in liiil 
" Synopsis of the Silurian Fossils of Ireland," p. 67, and provisionally'^ 
named the genus Acanthospongia. There seems no reason to doubt 
the correctness of this supposition, notwithstanding the great size d 
the spicula^ and the want of definite shape in the mass. 

But the number of Silurian sponges is much more extensive than ir0 
have yet supposed. Stromatopora is the only genus generally admitted 
from these rocks. But a late examination of some Upper and Lo?rer' 
Silurian fossils of that convenient group " IncertcB sedis " has shown 
me, 1st, a sponge quite closely related to the genns Dunstervillia €i 
Dr. Bowerbank, in the Caradoc strata. He had long ago, in his paper 
on the recent sponge,* shown that the great Splueronites pomum firom 
the Devonian Rocksf was a sponge allied to the Grantioy and with his 
permission I propose now the term Sphcerospongia for the Devonian 
species. The Caradoc fossil is of the same genus. 

Ischadites of Konig is a more regularly formed sponge, with vertical 
and transverse bundles of fibres. I have lately seen the rootlike 
attachments. A fossil figured by McCoy in the synopsis of the Wood- 
wardian fossils, and which is very common in the Kendal Rocks, I hope 
shortly to describe with others under the name of Favospongia 
Ruthveni,\ The Tetragonis Danbyi of the same author is one of the 
same family ; and several Russian species of these or kindred genera 
have been figured by Eichwald in his new Fasciculi of the Lethaa 
Rossica. Lastly, while I write. Professor Ferdinand Roemer has pub- 
lished a fine series of sponges of various forms from the Upper Silurian 
Rocks of Texas. § There is not space here to do more than Indicate the 
class to which these bodies belong. Lastly, though I have myself pub- 
lished it as a great Foraminifer, I believe Receptaculites\\ will prove to 
be a very re^nilar cup-shaped sponge, with its skeleton arranged 
precisely after the pattern of tl^e soft parts in the Orbitolites^ and hence 
illustrating the close connexion between the SpongiadcB and the 
Foraminifera . 

Protaster Sedgwickiy Forbes ? 
Ref. Forbes, in Decades, Geol. Survey, pi. I. 

The specimen is so imperfect that it cannot be said with certainty to 
belong to the above-ndmed species, but it is quite as much like it as 
the Ludlow species P. leptosomoy and, being a northern form, more 
probably identical with the Westmoreland fossil. 

I may mention here that Protaster is also a Lower Silurian genus, the 
so-called Ophiura Salteri of Professor Sedgwick's lists (from North 
Wales) proving to be of this genus. - It is also, I think, without much 
doubt equivalent to Tcmiaster, Billings, from Lower Silurian Rocks in 
Canada. And lastly, it must be referred to the Asterieuke proper, 

- - - - - I I IM I I ■ I I I I I I ■ * 

♦ Ann. Nat. Hist, voL xv. p. 299. f Phillips, Cal. Foss. Cornwall, &c., pL 5a 
X Pal. Foss. Woodw. Mus. pi. Id, f. 9. Tetrag. DanhyU ib. t 8. 
§ Silurische Fauna des Westl. Tennessee. Breslau, 1860. 
U Mem. G^l. Surv. Canada, Organic Bern. Decade 1, pL 10. 
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rever much its form imitates that of the Ophiur(By for it has lately 
Q found to have the usual madreporic plate on the disk. There is 
Hving Asteridan with so extreme a form. 

Entomis.* (T. R. Jones). 
Mr. Jones furnishes the following description : — 

A bivalyed Entomostracan, having an almond-shaped compressed 

tpace. Valves strongly indented by a transverse furrow, which 

LS on the dorsal margin, at about one-third of its length from the 

I interior extremity (the ususd place of the dorsal notch in Leperditia 

^and Beyrichia), and extends in some cases to the ventral border. 

Surface smooth (?), presenting sometimes a rounded tubercle in front 

of the sulcus. 

EfUomis has the carapace more oval, and more compressed than 
Leperditia and Beyrichia. It is larger than the latter ; and appears 
to nave had thinner valves than either genus. 

EfUomis tuberosa, T. R. J., sp. nov., PI. 11. fig. 5. 

We obtain the following characters from — 1st, the artificial cast of 
U impression made by a pair of distorted valves in a light brown 
mndstone from the Pentland Hills (taking the longer valve as having 
suffered the least alteration of form) ; 2nd, a somewhat better pre- 
served cast, in a light greenish grey, fine-grained calcareous rock from 
Bow Bridge, Ludlow, Shropshire. 

Valves suboval ; in one specimen ^^ths inch long, and -j^ths inch 
wide, in another (from Bow Bridge) ^ inch long, and ^ inch wide. 
Dorsal margin nearly straight in the middle third, and curving off 
rapidly at the ends. Venti*al margin rounded, most convex in the 
posterior third. ExtFemities rounded, the anterior narrowest. 

The transverse sulcus is strongly marked, curving forwards, and 
indenting nearly three-fourths of the width of the valve. Anterior to 
the furrow, and within its curve, the surface of the valve is raised up 
into a round tubercle. 

In the specimen from Bow Bridge there is no clear trace of the 
tubercle, which has disappeared owing to pressure. 

E. tuberosa occurs also in the Upper Ludlow Rocks at Aymestry, 
and in the Silurian Rocks of Australia. Li another smaller species 
{^E. divisa) MSS., from the neighbourhood of Builth (Upper Silurian), 
the sulcus extends quite across the valves, and there is no tubercle. 

Pterygotus {Slimonia) acuminatuSy Salter. 

Bef. Quart. Geol. Journal, vol, xii, pi. 29, i^g. 4 ; Monographs of 

British Fossils ; I., pi. 2. 

Only the serrate base of one of the great swimming feet has occurred 
to Mr. Gibbs' diligent search ; but this is invaluable, as tending to 
connect the beds in which it is found with those of Lesmahago. 

It is a remarkable thing, that the species of this group should have 
so restricted a range, while the trilobites have so large a one. Not 
one of the Scottish species, either Upper Silurian or Devonian, occurs 
in the Shropshire district, although the vertical range of a species in 
each case was considerable. 

Locality. — ^Deerhope (Lower quarry b), 

■ — • — — — ^— ^^^^— 

* From ivroitXs^ an-inciaUni. 
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id ed.. pi. 4I^^n 



Ceriopora gruMvlota, Goldf., Fl. II. fig. 6, nat. Bize and 



This species (at least tho one tliat ia flgnred for it by Lousdaio) has 
a tortaous stem, and appears to liavc macli deeper oell^, witli more 
prominent edges. This may bo partly due to wear, I do not llko tfl 
Bijpurate the two forms. Both have ulongatud tittims, 2 iuchea at least, 
and uot more than ^th of an inch thick. 

Locality. — Lower quarry, Deerhope (5). 

' Rhyticitonella, . . . ap. 

This is figured to show a very abundant foasjl in soane of the Pent- 
iaad Hill strata, It is too imperfeot to identify with published forms. 
But in its narrow ahape it is allied to R. angustifrong, from which tli£ 
stritB diatinguish it, and from R. fVilsoni the ahape separates it. 

Locality. — Deerhope (in bed c). 

Lepteena tranaveraalta, Dalm., PI. II, figs. 8, 9. 
Eef. Siluria, 2nd ed., pi. ix. fig. 17, PI. xx. fig. 17. 

Fig. 8 is a cast of the outaido of the smaller or coQcavo (dorsal) 
valve, and abowa the strong ribs and faint intermediate strls charac- 
teriatic of this apecies. The other valve has only tho stronger rlbe at 
all distinct. \a L. sericea, oa the other hand, the ribs ore lees 
prominent, imd the fine stritB conspicuous in Ijoth valves. The shape 
of L. transvertalU is more triangular, and less transverse than in 
Leptmna »ericea, but there is not much difference in the internal 
structure (fig, 9} of young specimens, except that L. trangversalis haa 
shai-p strong interior spines which roughen the whole inner aurft 
leaving holes lilce pin>holes in the cast. Older specimens dilTer 
widely in the muscular impreseions. 

Locality. — Deerhope {b). 



I 



Orlhit 

0. reveraa, Salter in Griffiths, Synopa. Silurian Fossils, pi. v. fig. 

There is an Orthia, an inch wide, in these rocks, which at firnt a^th 
looks like the common Orthis resupinata of the Carlwniferoua strata, 
but on a closer examination it appears to have considerable dJfferenceB, 
The atria! are very numerous, tiie hinge line short, the upper valve 
convex, and the ventral valve depressed near tlio margin. It la like 
a magnified Orthis reverm, but can hardly be the same species. Want 
of space compels me to omit a figure of it, and I do not think it r^ht 
to describe a new Orlhis without a figure. 

ioco/i^.— Deerhope . 

Strophomena applariala, Salter, 
Mem. Geol. Survey, vol. ii. part 1, pi. 3cxvii, figa. 1, 2. 

A small flat species, — which Is so like 5', pecten, — that it may easily 

be mistaken tor the young of it. The ends of the ribs project beyond 

the marghi of the shell, which is flatter than it ia in flie true S. pecten, 

£ocaii/^.~~Deerhopa (6). 
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Lunulacardium elegans, PL U. fig. 10. 

L. semiuncialis et ultroy suhtrigonum, convexum, per totum nidiaio^ 
striatum, latere postico hand valde angulato nee elongato, latere 
antico producto angusto. Umbo subcentralis, StruB mediaruB latiores* 
LinecB incrementi irregulares, distineta, 

I am compelled to adopt Munster'gt very imperfectly defined genus. 
It appears to include a number of thin hingeless shells, with a shape 
and sculpture much like Cardium, to which in all probability they 
are nowise allied. It is probably nearer to Cardiola. The genus 
seems a necessary one to include many Silurian forms. They have 
always prominent anterior (rarely subcentral) beaks, a carina down the 
posterior slope, and a more or less evident lunette anteriorly. The 
shell is very thin. 

The genus is Upper Devonian, according to Miinster, The Silurian 
species we refer to are both Lower and Upper Silurian — chiefly the latter. 

There are several unpublished forms in the Upper Silurian Rpcks ; 
but the one nearest to ours is a species with finer strias, a much more 
lateral beak overhanging the anterior third, an angularity proceeding 
vertically from the beak to the front margin ; and no lines of growth 
visible.* 

The subcentral beak, rather coarse central striaB (the remainder 
cover the whole surface), and strong irregular lines of growth dis- 
tinguish this species easily. 

Xoca/%.<-*-With the last (in b). 

Orthonota amygdalina, var. gentilia, PI, II. fig. 16. 

Synonym, 0. amygdalina, Sow., sp., Siluria, 2nd ed., pi. xxxiL 
fig. 6. — ^Vab. gentilis. Lunette very shallow ; anterior side rather 
prominent. 

Except that the lunette is smaller, and the anterior side less truncated 
than usual, I see little that would distinguish readily this form from 
the common Ludlow varieties. But then the differences in these par- 
ticular points are very strong and striking ; the lunette is scarcely 
indented, and the anterior side is prominent for the species. It is true 
some specimens of Orthonota amygdalina have not the anterior flatten- 
ing, but these have a very deep lunette. Others, with a shallow 
lunette, have the anterior side much flattened and reduced in size, I 
propose to call it only A variety, but there are some reasons for believing 
the whole of this Upper Ludlow fauna in Scotland to be representative 
of the English one, not identical with it. 

Lq<}alih/. — ^Deerhope (quarry 3.) 

Orthonota bulla, n. sp., Plate II. fig. 15. 

O. l(BvU (nisi lineis incrementi rugisque nonnullis omata) transversa, 
infiata^ Latus anticum angustum produetum rugatum, et & sulcofere 
verticali sejunetum. Nates haud prominulce. Lunula modica, ut 
supina. Long. ^ unc. ; lat. ^ ; alt. valv. amb., -j^. 

'■ . ■ <■ -■ ' 

* I subjoin a diagnosis, as the species is a common one in cabinets : — 

L. alifbnne, Semiunciale et vltra, convexum, ohUquvm, per totum striatissimum, latere 

postico perangidato, producto ; antico brevi rotundato. Umbo valde excentrieus^ gub- 

ctfrinatua anticam tertiam impendens. Superficies striis radiantibus (medianis vix for- 

tioribus) lineis incrementi nuuis, omata, 
Xoco&'ty.— Wenlock Shale, Bishop's CasUe : Lcrwet lius^^^ "^YKoa^ "Q^ ^^-^ 

Ln^ow. 



140 GEOLOGY OF EDINBURGH, 

0. bulla diflfers from the Cypricardia undata of the Silurian system, 
to which it is closely allied, — 1st, in the more transverse, and greatly 
more inflated form ; 2nd, the produced anterior side, the lunette facing 
upwards, and not inwards ; 3rd, the furrow dividing the anterior side 
from the disk falls more beneath the beak in the left valve, and so cuts 
off a smaller portion, which has coarse rugsB (5 or 6) not crossing over 
the furrow to the disk, except in quite the young shell. 

In O. ( CypHc.) undata these rugas are less coarse, more nnmeroos 
(12 at least), and run out beyond the furrow upon the disk itself. 

Locality. — With the last. 

Orthonota . . . sp. 
Species brevis subqtuidrata, semirugosa. 

A short, squarish species, occurring with 0. hulla^ but which we 
have not room to figure. The ribs are more like those of 0. undata 
(Siluria, 2d ed.), but the shell is no longer than broad. 

Locality. — ^With the last. 

Orthonota . . . sp. 
Species transversa, oblonga, postice truncata, 

A fine species, an inch and a half wide, with a gentle convexity 
(bluntly angulated) along the siphonal ridge, a truncate posterior 
margin, and a remarkably straight hinge line. It would have been 
worthy a name, had we space to figure it. But the Silurian fauna of 
the Pentlands must receive further illustration. And this short notice 
will perhaps stimulate collectors in what will most surely be a very 
prolific field. 

Locality. — ^Deerhope, in the fish (?) bed quarry (a). 

Anodontopsis {?) lucina, n. sp., PI. II. ^g. 14, 

A. orbiculari-quadratOy compressa, quam longa paullo latior, antiee 
et postice truncata, nate subcentrali arcuata ; e quo carinae du4S, postica 
angulata marginem ventralem attingens, antica obsoletior. Superficies 
rugis concentricis crebris lineisque radiatis nonnullis omata. Long. 
71in. 

The genus Anodontopsis is a very doubtful one, yet Professor 
McCoy did well to propose it for a number of obscure Upper Silurian 
forms allied to Modiola, but with very thin shells and a suborbicular 
shape. He has published one of the smaller rounded forms, besides 
his typical species, and a few have been described by myself (Mem. 
Greol. Survey, vol. ii., part 1, pi. xx.) They are the only ones that 
need be compared with A. lucina. The A. bulla (McCoy, Pal. Foss., 
Woodw. Mus. pL L, k, fig. 11) is a rounded species, with only the ordi- 
nary lines of growth. But A. quadratus, mihi (1. c), is a good deal like 
A. lucina in shape. It has, however, neither the concentric rugose 
strise, nor the two carina radiating from the beak. 

The concentric ridges are too strong for striae, yet not regular enough 
to be called ribs. Besides the carinse on the posterior ridge, and the 
shorter one marking off the anterior slope, there is an obscure radiation 
over part of the surface which I have not seen in other species. The 
beak is placed rather nearer to the posterior than the anterior side, but 
curves decidedly towards the \attex. 
Z£MraA(^.-«-Deerhope (in b). 
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Ctenodonta obesa^ n. sp., PI. II. figs. 11, 12. 

C semiuncialisy transversa^ ovata, injlata^ sublcevis, latere postico 
hrevissimo subacuto, nee carina sejuncto, Margo ventralis convexus, 
vix sinuatus. Nates depressi curvi, 

A pretty species, easily recognized, even in this numerous genus, by 
its inflated form and depressed curved beaks. The surface has rather 
strong lines of growth, but no ridges or ribs. The posterior side is 
excessively short, yet its form is somewhat projecting (see ^g. 12), and 
the ridge which separates it from the disk is blunt, and cannot be called 
a carina. 

Locality, — ^Deerhope Rig (in ft). 

Ctenodonta Thradoides, n. sp., PI. 11. fig. 13. 

(7. modica vix semiundalis, Icevis, transversa, oblonga, hand convexa; 
nate subcentrali eminente, Latus anticus longior rotundatus, posticus 
truncato-quadratus, carind obtusa a disco sejunctus. Margo ventralis 
subrectuSy hand sinuatus. 

In the compressed transverse oblong form, smooth surface, rounded 
anterior and truncate posterior ends, this resembles many species. But 
the subcentral beak is much elevated for a shell of this group ; the 
posterior hinge line, too, is almost parallel to the ventral margin (a rare 
character), straight, and forms a right angle with the truncate posterior 
edge. 

These characters, unusual in the Nuculm of the old rocks, give it 
somewhat the look of a small Thracia, The hinge teeth on both sides 
of the beak refer it to the Palaeozoic Nuculce, which have now for some 
years been distinguished from the modern ones under the name 
Ctenodonta.* 

Locality. — ^As above (ft). 

Another small Ctenodonta, of an oblong shape, too obscure to figure 
here, appears distinct from the English forms (lower quarry.) 

Cucullella . . . sp. 

Too convex, and with a more rounded posterior side than C. antiqua. 
It does not exactly agree with any of the English species. 
Locality. — Same as last (in ft.) 

Acroculia (?) antiquata, PL 11. fig, 17 (18 ?) 

A spirally-rolled shell, an inch and a quarter in diameter, with a very 
small involute spire, and a wide compressed mouth. The whole surface 
is covered with strong rugae in the direction of the lines of growth, 
crossed by fine concentric striae. 

The above characters express the general aspect of this strange shell, 
which is wholly unlike any figured Acroculia, and yet has too wide a 
mouth and too small a spire for Cyclonema or the allied genera. 

Spire not a quarter of an inch broad, the apex concealed ; the upper 
margin of the body- whorl narrow, but rounded ; the sides flat or com- 
pressed, the base oblique, the mouth oval- oblong, an inch long, not 
above three-quarters of an inch wide. 

It is difficult to believe ^g. 1 8, which looks so like a bivalve shell, to 
be only the young portion of this. But it has the same external mark- 
ings, the rough rugae of growth, and the concentric lines ; and if not 

* Siluria, 2Ad editvou, ^. ^55. 
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the same species, it must be regarded as of the same genus. The mouth 
is more expanded than it is in fig. 17, and it should be less so in a young 
shell of the same species. — Same locality. 

Platyschiima simulansy n. sp., PL II. fig. 19. 

Subdiscoid (helicoid), of four whorls, which are each very little 
convex, except just below the suture ; the outer or body-whorl once 
and a half the width of the preceding. Beneath the whorl is nearly 
flat, the outer angle therefore is somewhat acute, and has a distinct 
marginal ridge. In the figured specimen this shows like a band, and if 
such were really present it would make it a Pleurotomaria, I think, 
however, it is a superficial marking. Umbilicus small, not above a 
quarter the width of the shell, which does not reach more than half an 
inch in diameter. 

Locality. — Shales (a) and grit bed (c) of the North Esk section. 

I believe the same species occurs in plenty at Lesmahago, in the 
Upper beds (Trochus beds), which underlie the Old Red Sandstone. 
In both cases the under side of the whorl is flat, while in the ( Trochus) 
helicites of the Silurian region it is nearly as convex as the upper 
surface. 

In these same beds at Lesmahago (but not yet in the Pentlands) 1 
found abundance of a small Lingula, which at first sight recalled 
the familiar L, cornea of the Ludlow Rocks. So did the spiral snail- 
like shell, the Platyschisma helicites of those beds. In both cases the 
species are distinct. The Lingula is a smaller and flatter species, 
of a more decidedly oval form (L, unguiculus^ MSS.) The Beyrichia 
Klcedeni accompanied them ; and as the other bivalve crustacean 
described by Mr. Jones is also found in the Silurian country, these 
minute Entomostraca have a very wide range, while the shells have a 
restricted one. 

Cyclofiema . . . sp. 

Compared with C. {Turbo) corallii of the Silurian System, this 
species, which is much like it in general aspect, has more inflated 
whorls (not merely tumid below), and the ridges, five or six in a whorl, 
are narrow threads, with fiat spaces between them, crossed by close 
lines of growth. It is certainly a distinct species. 

Locality, — (h) as above. 

Loxonema, or Holopellay^-^^, 

A robust species, about an inch long, and rather quickly tapering 
for the genus, apical angle about 25° ; spire of eight whorls, each gently 
and regularly convex, not more so below than above ; lines of growth 
indistinct ; shell thin. 

Very like a species in the Lower Ludlow Rock of Ludlow, Shropshire. 
In the absence of lines of growth the genus cannot be given with 
certainty. 

Locality. — (&), as above. 

Loxonemoy or Holopella^ — sp. 

An elongated turrited shell, eight lines long, very slender, of 13 or 
14 whorls, regularly convex, rather tumid in the young portion, and 
apparently smooth. 
Locality. '^{a)^ in the reddiBli gvi^ t^a^, 
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Cyrtolitesy ep. 

Half an inch long, not 2 lines wide at the mouth, curved into a 
sickle shape, subcylindric, or at least very convex, and with but slightly 
curv^ed lines of growth. Apex regularly tapering. * 

This might be described from better specimens. It is not identical 
with C. liBvis of the Silurian System. 

Locality, — (b) as above. 

Conularia Sowerbyiy Defrance (Siluria, 2nd ed. pL xxv., p. 10). 

This, and the Pteropods, are more likely than any other Mollusca^ 
except Cephalopoda, to be common to the Scottish and English 
Silurian basins. That these basins or seas were separated by a long 
range of coast line seems to me pretty certain, from the great difference 
in the Fauna, but pelagic Mollusca would find their way, as they do 
now, into remote, or even well-separated marine provinces. 

Locality as before. — {b). 

Conulariay sp. 

A very imperfect fragment of a species distinct from any yet pub- 
lished. It has transverse, not oblique plaits, and the longitudinal 
furrows seem to be very shallow. It is like some unfigured forms 
from Shropshire. 

Localifyy same as last.— >(&). 

Orthoceras McLarenif Salter (Siluria, 2nd ed. p. 176, fig. 24.) 

More perfect specimens than that originally found by Maclaren, were 
obtained by Mr. Greikie and myself, and afterwards by our collector, 
Mr. R. Gibbs, in 1859. 

The shell must have measured 6 or 7 inches at least, and is oft^i an 
inch wide at the mouth, which has one margin produced, the lines of 
growth, therefore (on a lateral view*), very oblique and sigmoid. They 
are crowded near the mouth, but on other parts show as strong sharp 
ridges imbricating upwards, with a steep forward edge. They are not 
placed quite regularly, but generally about a line apart (in one large 
specimen, 14 lines in diameter, they are full 1^ lines apart, but this is 
rare), and with their imbricate structure give a strongly ridged rough 
aspect to the shell. The septa, in a specimen probably f inch diameter, 
are 2 lines apart, and nearly direct. 

Locality. — (b) as above. 
- There are two other species, smooth and slender, of the ordinary 
Silurian type. One from the quarry No. 2, or ft, has very oblique septa. 
The other, from the upper quarry openings (c), has direct but very 
convex septa, and the usual central siphon. 

It is such smooth or^ transversely striate species as these, with the 
septa so convex as to beeasily crushed flat sideways, and so lost to view, 
that induced the late Prof. E. Forbes to suggest the name Creseis 
primtBvay &c. for these floating thin-shelled forms. It is extremely 
probable they were of a different generic type from the thicker-shelled 
species, with close horizontal or oblique septa, and siphon more ia less 
excentric. But no means are left us now of distinguishing among the 
crowd of simple Orthocerata, and we must be content, as best we may, 

* It is important to observe which aspect of an Orthoceras is under view, when 
embedded. A shell which shows the growth lines very oblique on the sides will huve 
them transverse and straight on the dorsal or ventral view. 
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to indicate the more prominent species in this unwieldy genus. 
Orthoceras appears to be rare in the corresponding schists of Lesmahago, 
from which one specimen only was described by Sir E. I. Murchison, 



No fossils have been obtained from the Old Bkd Sandstone rocks 
of the district. 

Cabboniferous Rocks. 

The strata round Edinburgh are rich in plant remains, — shells and 
fish. Full lists of these are here given from Morris' catalogue, 
Fleming's British Animals, &c., which lists have been carefully 
abstracted by Mr. Geikie and Dr. Yotmg for these pages. The species 
which have come under the notice of the Survey have been already 
partly referred to in the text. 

As a rule (not without exceptions) few species of plants pass from 
the coal-beds beneath the Mountain Limestone into those above them. 
The subject has yet to be more fully worked out for Britain ; but on 
the continent the Lower and Upper Coal-bearing measures are well 
distinguished by their fossils. (See Geinitz, G^ognost. Darstellung der 
Steinkohl. Form, in Sachsen, 1856, fol. p. 8, &c., and Siluria^ 2nd ed. 
pp. 315, 409, &c.) 

Lower Carboniferous. 

Our list includes the fossils of all the beds coloured as Lower Carbo- 
niferous on the map, an asterisk being placed against those peculiar, 
so far as we yet know, to the Burdie House limestones. 

From the lowest plant beds of the Edinburgh district (those of St. 
Anthony's Chapel or Arthur's Seat) we have only linear fragments of 
PoaciteSy or some grass-like plant ? Mr. Geikie obtained, several years 
back, scales of Rhizodus from this spot. 

At the Western Breakwater, Granton, Mr. R. Gibbs collected several 
fossils in a short time, and nine or ten species were found by him and 
myself in a morning's work at Slateford, a few miles south-east of 
Edinburgh. Among these was a a beautiful new species of (fern ?) 
Adiantites, not yet published by Sir C. Bunbury, who has provisionally 
named it A\ Lindseceformis, MSS. (See description in p. 15L) 

On the flanks of the Pentland Hills ; viz., at Clubbidean reservoir 
(p. 18 ) some marine beds of the series occur, comparable with those 
described from the Fife coast by the Rev. T. Brown, Trans. Roy. 
Soc. Edinb., vol. 22, part 2, p. 401, f. 3. Ferns (Sphefiopteris), and the 
ever, recurring Cypris or Cyihere, are found together with truly marine 
shells, such as Spirorbis carbonarius, and a new species, S. helicteres, 
with open whorls. A small oval species of Myalina occurs with them. 

These fossils, few as they are, show a partial extension of the same 
marine conditions that obtained in Fifeshire. These will be more fully 
entered into when that coast is described. 

Burdie House Beds, 

Li the limestones and shales of this series the great fishes Rhizodus 
and Megalicthys, with Cypris, ferns, Lepidodendron, and its fruit 
Lepidostrobus, may be at any time met with. A much larger number 
of its peculiar fossils may be obtained by sedulous work, and a full list 
of the fishes has been already given, p. 37. 

The Cypris or Cy there, for it is quite as likely to have been a marine 
Crustacean, is in every locality. The Cypridina (or Daphnoidea) 
Jfibberti was in all probability xuariue. 
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Lower Carboniferous— con/. 
Plants. 



Adiantites Lindsem/ormis, Bun* 

bury, MSS. 
Antholithes PitcaimuBy Lindl. 
A. eristata. 
Calamites Lindleyi^ Stemb. 

* Cardiocarpon €u:utum, Brongn. 
Carpolithes sulcatiMy Lindl. 
Cyclopteris flabellatay Brongn. 
C obliqua, Brongn. 

C. rentformisy Brongn, 
C trtchomanoides, Brongn. 
Hymenophyllites furcata^ Grdpp. 
Lepidodendron elegans^ Brongn. 

* JL. Stembergiiy Brongn. 

L. variahiley with its own fruit, the 
Lepidostrohus variabilis^ Lindl. 

Lepidophyllum intermediuniy 
Lindl. 

* Lepidostrohus comosuSy Lindl. 
J>. omatusy Brongn. 

L. variabilisy Lindl. 

JDadoxylon approximatum (its 
large pith Stembergia of Artis 
or Lomatophloios of Corda). 

Pinites medullarisy Lindl. 

P. Withamiy Lindl. 

Poacites f — or a like plant. 

Pothocites Grantoniy Patteson. 

Sagenaria aeuleatOy Presl. 

S, ramostty Presl. 

Selaginites pateiis, Brongn. 

Sigillariay sp. 

* Sphenopteris affiniSy Lindl. 
*jS^. bifida, Lindl. 

*S, crassay Lindl. 
S. elegansy Brongn. 
S. linearis, Stemb. 

* Stigmaria ficoideSy Brongn. 
Ulodendron Allaniy Buckl. 
U. minusy Lindl. 



Slateford. 

Wardie. 

Wardie. 

Edinburgh. 

Burdie House. 

Wardie. 

Wardie. 

Wardie. 

Burdie House. 
Slateford. 

Wardie. 

Burdie House. 
Newhaven, Burdie House. 
Newhaven. 
Edinburgh. 



Craigleith. 

St Anthony's Chapel, Arthur's Seat» 

Granton. 

Wardie. 

Edinburgh. 

Hillend, Linlithgowshire. 

Burdie House, Mid Calder. 

Wardie. 



Edinburgh. 
Juniper Green. 
Craigleith. 
Colinton. 



Annelida, 

Spirorbis carbonariuSy Mureh. Clubbidean Reservoir ; Inchkeith. 
S. helictereSy Salter. Clubbidean Reservoir. 

(Brown, Trans. Roy. Soc. Edinb., vol. xxxii. pt. 2. p. 401. f. 3.) 

Crustacea. 

Cgpris Scoto^burdigalensisy Hibb. Juniper Green. 

Cyprisy. . . . sp. Granton ; Clubbidean Reservoir.; 

Ecclesmachan, Hillend. 
Cypridina or (Daphnoidea) Hib^ Burdie House. 
oertiy Jones. 
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Moilusea. 

Avieula f modioliforme^ Brown, WoodhalL 
Anthracomya ? a thin-shelled gp^ Slateford. 
*A f ( Uhw) nuciformiSj Hibb^ Bardie House. 
Unffula $quamiformi$y Phill., 
MyalinOj an oval species. 
Orthoceras iUtenuatum, Flem. 
O. cylindraceum, Flenu 



Wardie. 

Clabbidean Beaoryoir ; Abardour. 

Livingstone. 

Li vingstone* 



Pisces, 



Amblypterus nemopterus, Ag. 
A. punctatus, Ag. 
A. striaiuSy Ag. 

*Cladodus HibherHy Ag. 
*C. parvuSy Ag. 
* Ctenodus Robertsoniy Ag. 
*Ctenoptychius denticulatuSy Ag. 
*C. peciifuUuSy Ag. 
*Diplodus ndnutusy Ag. 
*Eurynotus crenatuSy Ag. 
E,fimbriatuSy Ag. 
Gyracanthus formasuSy Ag. 
Rhizodus Hibbertiy McCoj. 

(Coprolites of do.), 

R. striatuSy Ag. 
Pal4E{miscus carincUuSy Ag. 
*P. arruUissimuSy Ag. 
*P. Rohisoniy Hibb. 
*P. striohUuSy Ag. 
*Ptychacanthus subkmSy Ag. 
*Pygopterus Bucklandiy Hibb. 
*P. Jamesoniy Ag. 
*Uronemus lobatuSy Ag. 
♦Fish defence, and shagreen. 



Newhaven. 



Granton ; Ecclesmachan. 
Bardie Hoose. 



Newhaven. 

Bardie Hoose. 

Bardie Hoose; Arthor's Seat, Si. 

Anthony's ChapeL 
Granton; Mid Caider ; Hill End; 

Slateford« 
Edinborglu 
Newhaven. 
Bardie Hoose. 



Bardie House. 
Mid Caider. 



The fossils foond in the Bardie Hoose Limestones are for the greater 
part distinct firom those of other parts of the Lower Carboniferoos 
series. This may be partly doe to greater attention having been paid 
to this celebrated limestone by collectors. 

Houstauy or Btnny Coal Chroup. 

Very few fossils were foond in these strata. At Hill End, 12 miles 
west of Edinborgh, the shales contained Sigillarioy with Cypris and 
the coprolites of Rhizodus Hibbertiy as in the Bordie Hoose beds. 

CABBONIFraK)US LiMESTONS. 

Lower Limestones. 

The Scottish type of Moontain Limestone is well developed in Edin- 
burghshire and the coonty of Haddington. The three lower beds of 
limestone, which lie below the " Edge coals," together with the Upper 
Limestone.**, above these, show in the main the same fossils. In the 
following UstSy these three lower bands are separated from the three 
which lie above the coals, though. tViere \s not ia»fc\i dififitence in their 
^jeeil contente. 
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The lists of Carboniferous Limestone fossils obtained bj the Greologieal 
Survey have been already in part referred to in the preceding Memoir, 
and are of course the obvious and more characteristic ones. Those 
not found by the Survey are marked by an *, and are given from 
published lists* 

The localities are arranged in two oolumns : east and west of the 
Pentland Hills. 

Zoophytes, 

* Alveolites depressa, Flem. Bathgate. 
*AstrcBopora antiqua^ McCoy. Charleston. 

Aulophyllum fungites, Ph. Bathgate. 

Clisiophyllum turbinatum, Charleston. Middleton Limeworks ; 

McCoy. Whitefield Quarries. 

Lithostrotion irt^gularCy Bathgate Hills. 

Phill. Kinniny Point. 
L.junceum, Flem. — 

L. Flemingiiy McCoy. — 

L.junceumy Edw. Bathgate. 

Zaphrentis cylindriday Charleston. Middleton Limeworks. 

Scouler. Bathgate. 

Echinodermata, 

Actinocrinus, stems of. Charleston ; Middleton Limeworks ; 

Kinniny Point ; Whitefield Quarry ; 

Bathgate. Carlops. 

PoteriocrinuSy stems of. Bathgate ; Charleston. 

RhodocrinuSy stems of. Charleston. 

ArchcBOoidaris Uriiy Flem. Charleston. 

Annelida. 

* Serpula paralleluy McCoy. Charleston. 
Annelide burrows, Bathgate, &c. 

Crustacea* 

*JSurypterus Scouleri, Hibb. Bathgate. 
Griffithides Eichwaldiy Fischer Whitefield Quarries. 

( G, mucronatusy McCoy). 

Bryozoa, 

Ceriopora rhomhiferay Phill. Charleston. 
Fenestella plebeiay McCoy. Gilmerton. 

^ FenestellOy sp. Charleston ; Bathgate. Gilmerton ; Dalkeith. 

Brachiopoda, 

Athyris ambiguoy Sow. Bathgate ; Charleston. 
*A, planosulcattty Ph. Bathgate. 
A. Roissyiy L6veill6. Charleston ; Bathgate. 
-4. . . 4 . sp. Charleston, Whitefield Quarries. 

* Camarophoria cru' Bathgate ; (Fleming). 

mena. Mart. 
Chonetes HardrensiSy Phill. Charleston, Gilmerton. 

Discina nitidoy Phil. Kinniny Point, Whitefield Quarried. 

Strophomena crenis- Woodcockdale. 

tritty Phill. 
Lingula mytiloideSy Sow. Charleston. 
Orthis Micheliniylj^Y, Charleston. 

0. resupinatay Mart. Kinniny Point ; Bath- Middleton Limeworks ; 

gate ; Chaite^iWi. ^\sv\fc^^\^i^vax>^^ 
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Productus cosiaius. Sow. Charleston. lyArcy. 

P.JimbriatuSy Sow. Bathgate, Middleton Limeworks 

P. giganteusy Mart. Bathgate, Middleton Limeworks 

P. langispina, Sow. Bathgate ; Charleston ; Gilmerton ; Middleton 

Kinniny Point. Whitefield Quarries 

P. Martiniy Sow. Bathgate. 

P. punctatuSy Mart. Charleston, D'Arcj ; Middleton 

Meant Lothian 
Whitefield Quarries 
P. scabriculusj Mart. Charleston. 

P. semireticulatuSf Bathgate ; Charleston ; Gilmerton ; D'Arcj 
Mart. Kinninj Point. Whitefield Quarries 

P. spinulosusy Sow. Bathgate (Flem.) 
Rhynchonella pleu^ Charleston, D'Arcj* 

rodoHy Sow. 
Spiri/er dupUeicos^ Bathgate ; Charleston. 

taius. Phill. 
S. glaber^ Mart. Charleston. 

S, linecOuSy Mart. Middleton ; Drjden ; 

Cousland. 
S. irigonalis. Mart Drjden ; Bathgate ; Middleton ; D'Arcj. 

Charleston. 
S. Urii, Flem. Charleston. 

*S. cristatuSf yar. octo^ Bathgate (Davidson). 
pliccUus. 
Streptorhynchus cre^ Charleston. 
nistrioy PhilL 
*Terebratula hast€U€iy Sow. Charleston. 
*T. sacculuSy Mart Bathgate, Dunfermline. 
* T, vesiculariSy De Kon. Bathgate. 

Lamellibranchiata, 

Aviculo^ecten ifUerstUiaiiSj Phill. Whitefield Quarries. 

-4. ? . . . . sp. Charleston, Gilmerton ; Whitefield 

Quarries. 
Pinna fiabelliformiSyMsrt, Bathgate. 
Modiolay . . . . sp. ? Gilmerton. 

Sanguinolites costeU Charleston; KinninjPt 

IcUus^ McCoj. 
Ctenodanta gibbosa^ Flem. Charleston; Kinninj Pt 
C. ctUenwUcty Flem. Charleston. 

C. breviro8trumyFhjX\., Charleston. Gilmerton. 

SolemyOy . . . . sp. Whitefield Quarries; D'Arcj. 

Pteropoda. 

Canularia quadrisul- Charleston, Whitefield Quarries. 

catOy Sow. 

Gasteropoda. 

*BeUerophon decus* Linlithgow. 
satusy Flem. 

B. apertusy Flem. Bathgate, * Middleton Limeworks. 

B. striatus, Sow. Linlifiigow. 

^B. Uriiy Flem. Charleston, D'Arcj. 

.Euofi^halus carbonariusy Sow. Whitefield Quarries. 

jLaxanema^ sp. Charleston, Giim&TtAn ; Middleton 
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Macrocheilus acutus ? Sow, Charleston. 

it/1 .... sp. 

Natica^ Charleston. 



Gilmerton. 



Cephalopoda^ 

Goniatites, .... sp. 
*NauHlus marginatuSy Flem. Bathgate. 
*-ZV. quadratuSf Flem. West Lothian. 

JV, subsulcatus, Phill. 

iV. sulcatusy Sow. Charleston, 

N. (like N, ingens), 

Orthoceras annulare, Flem. Charleston; Linlithgow. 

O. cylindraceum, Flem. Charleston, D'Arcy. 

*0. ZeBTC, Flem. Linlithgow. 

O. pyramidale^ Flem. Linlithgow, D'Arcy. 

0. rugosum, Flem. D'Arcy ; Whitefield Quarries. 



D'Arcy. 



Whitefield Quarries. 

D'Arcy. 

D'Arcy. 



*Cockliodus magnuSy Ag. 
*Petalodu8y * . . . sp. 



Bathgate. 
Charleston. 



Edge Coals. 

As shown in a previous part of this Memoir, these coals belong to 
the Carboniferous Limestone series. They contain numerous plants, 
which can only be adequately collected by persons resident on the 
spot. A few plants, Lepidodendron elegans, and a Lepidostrobus, with 
SHgmaria, were found at Niddry Mill, 2 miles south of Portobello ; 
the Rhizodus Hibberti at Gilmerton, and at Frestonpans Pier a Lepi" 
dodendron and Pecopteris, Mr. Geikie informs me that he obtained 
Lingula mytiloides and an Anthracosia from the corresponding coals 
of Borrowstounness. 

Upper Limestones. 

The fossils of these beds are comparatively few, and generally occur 
in an imperfect state. They are identical, however, with those of the 
Lower Limestones, and, therefore, show that the Edge coals, with 
the limestones below and above them, form part of one series, the 
equivalent of the Carboniferous Limestone of England. 





Linlithgowshire. 


Edinburgh Basin. 












West Side. 


East Side. 


CyaihophyUvm - 


Woodcockdale, 
River Avon. 


— 


Cockenzie. 


ArcluBoctdariB Urii, Flem. 


— 


Joppa 


— 


Actinocrinus, steins of 


— 


"— 


Ravenshangh 
Bridge. 


Poteriocrinusy stems 


_ 


_ 


)) 


Chonetes Hardrensis, Phill. 


.— 


— . 


Cockenzie. 


Producius giganteus, Mart 


Einniel, River 


Fenicuick, 


n 




Avon. 


Joppa 




P. semireticulatus. Mart. - 


— 


Joppa 


Bankfoot ; Fres- 
tonpans. 


P.fimbrtatus, Sow. - 


— 


Fenicaick 


Cockenzie. 


P. longispinay Sow. - 


—— 


Joppa 


Bankfoot; Cock- 
enzie. 


Streptorhynchiis crenistria 


Woodcock Dale - 


Valleyfield,Peni- 


Bankfoot 


(jOrUda, PhiUips). 




\ "Bo. 


\ -_ 


Orthis reaipinatOf Mart - 


.— 


SiSrtfpAaliwmstruUa^FiadkeT 


— 
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Linlithgowshire. 


Edinbui;^ Basin. 












West Side. 


East Bide. 


Sjfnrifer trigonaUSf Mart - 
Schizodus, sp. 


^^^^ 


^^ 


Cockensae, 


— 


Joppa 


— 


Ctenodonta attenuata,'F\em, 


Woodcockdale - 


— 


— 


Chemnitzia (slender close 


— 


— 


Ooekensie (abun- 


turretted whoris"). 
MacrocheUus (small sp.) - 






dant). 


^- 


— 


Do. 


BeOerophon decussatHs, 


— 


Joppa 


Freitonpaiis. 


Flem. 








B. Urii, Flem. 


__ 


Do. 


— 


Stiamaria, roots 
Sphenopteris elegans, 


— 


— 


Wall7€>rd House 


— 


— 


f> 


Brongn. 








Seaweed (^Cauda gaUi) on 
Bor&ces of sandstone. 


^- 


-— 


Bayenshaqgh 






Bridge. 



The last fossil on this list was observed, in 1864, at Dunbar by 
Professor Ramsay, who then considered it a seaweed, and it was after- 
wards found by him to resemble the fossil known in American Silurian 
Hocks by the name of Cauda galli. It is very abundant on the Lower 
Limestones and Sandstones of Haddingtonshire ; and though its 
amorphous form makes it appear at first sight inorganic, a close 
examination shows that it has a regular wavy surface, Ynih ribs or 
ridges, and a fimbriated border. 

Millstone Gbit. 

The beds of sandstone which are believed to occupy the place of the 
Millstone Grit seem to contain few or no fossils in the Edinburgh 
district. A careful search, by Mr. R. Gibbs (1860), among the corre- 
sponding beds of Fife, .has yielded a few fossils, which are only 
Carboniferous Limestone species, or such as are found at the sandy 
base of the true Coal Measures. They are — Productus semireticu- 
latus ; Lingula mytiloides ; a Modiolay a species of Maerooheilus ; 
and Serpula^ 

More ¥dll be said of this formation when the description of the Fife 
sheet is printed. 

Flat Coa.ls. 

The fossils of the Flat Coals, equivalent to the true Coal Measures 
of England, are, as yet, very imperfectly collected, and can only be 
satis£a.ctorily obtained by persons resident in the district. 

The following list shows what have been observed in the cour3e of 
the survey : — 



LeptdodBtidron, 






Bhawfair, 2 miles 
south of Portobello. 


Sphenopteris, 
Pecopteria, 


Inveresk. 
Inv. 


Near SqnaretOFOf 
between Portobello 
and Dalkeith. 


• 


AsterophfliUs, 


Inv. 


-— 




Calamites. 


Inv. 


E. of Sq. 




Modiola or MyaUna, 






Sh. 


MyaUna^ sp. 




Sqnaretown. 


Sh. 


Anthracoaia acuta. 




Sq. 




A,, sp. 




• 


Sh, 


jffAizodus^ sp. 




S(\. 


Sh. 


MeffolicO^a HibbefU. 




— 


%V 


^^ewacanthus. 


• 


'^. 


-•— 


^ipierua. 


• 


^. 


— 
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Ctenaeanthus htfbodoides and C. nodotut, Egerton, have been de- 
scribed from Dalkeith (Quart. Geol. Joum. vol. ix. p. 280). 

At Harelaw the coal Ib chiefly made up of the sporangia of some 
Lepidodettdron or like plant ; a few fiBhes (chiefly Megalicthyi) occur 
with it. 



The new plant from the Lower Carboniferous referred to in p. 144 
is the 

Adiantitet LindseafortaU. Bunbury. 

" This would probably fall under Lesquereux's genus NSggerathia, 
which appears to me to be very diSerent from Brongniart's genus of 
that name, and not to difier eBaeutially from Adiantitet.* 

" Frond pinnate ; rhacbis thick, striate ; pinnules alternate, nearly 
sessile, between crescent and fan-shaped {lunulato-JIabellata), expanding 
IVom a very narrow base ; the inner edge vertical, etraight, contiguous 
to the rfaachis ; upper margin waved, subcrenate. Veins strong, 
numerous, close, repeatedly dichotomous, diverging from the base. 

" This beautiful and new species much resembles Lindseea, especially 
such species as L, Guianentis, L. ttricta, and L. quadrangularis, but 
difiers (as fossil ferns frequently do from tbeir nearest recent allies) in 
the proportionally much thicker Btalk."— C.F.6. 

Fig. 26. 




lie. Buubnrj MSS. 



Locality. — It occurred, two or three apecimens, in the dark tough 
Lower Carboniferous Sbalea of Slateford, S.W, of Edinburgh, in com- 
pany with the Lep\dostrobu» variabilii f or a new species, wbicb is 
abundant there ; and with a marine shell (AnlAracomt/a). 



* Lesqnereux in H. S. Bogers' GeoL of FenniylT&aiB, 
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